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rat and rat flea natural host and vectoi^-are mdely diatnbuted The recent 
recopition of cases in Maryland, West Virginia, Ohio, Arkansas, Iowa and 
California suggests that wider dissemination of murme typhus may actually be 
takmg place (21) 

The clinical picture of this disease is distmctive, and a diagnosis can be made 
with considerable certamty by those who are famihar with it Many physi- 
cians, however, have not had an opportmuty to observe cases at first hand 
Most of the existmg descriptions have been written by field workers who did not 
have the advantage of detailed case study which hospital practice affords, the 
only report of a senes of cases treated m a smgle hospital is that of Joseph, which 
IS based on 44 cases at Chanty Hospital, New Orleans, La (13) The present 
article deals with an analysis of 126 cases seen at Grady Hospital, Atlanta, Ga 
Special attention is devoted to the clinical and laboratory diagnosis In addi- 
tion, because of past confusion m respect to the nomenclature of this and other 
nckettsial infections, there is mcluded a bnef mtroductory survey of present 
concepts of the etiology and tennmology of the Amencan nckettsial diseases 

RICKETTSIAL DISEASES IN THE UNITED STATES 

Classical Typhus (Synonyms epidemic typhus, European louse-borne 
typhus. Old World typhus ) This is the form of typhus which has occurred 
m great epidemics m Europe and elsewhere for hundreds of years Epidemics 
occurred in Amenca m the 16th, 17th, 18th and 19th centimes Gerhard of 
Philadelphia, m the early part of the 19th century, was the first to differentiate 
between typhoid and typhus fevers 

The etiological agent of classical typhus is the Rickettsm prowazeh Infec- 
tion IS transmitted from man to man by the body louse The reservoir of infec- 
tion, at least dunng epidemics, is man The identity of the natural host dunng 
mter-epidemic penods has not been established, although man may also serve 
m that capacity, smce there are mdividuals who suffer recurrences years after 
their imtial attacks (27) Cases of this type constitute the only instances of 
classical typhus now seen m Amenca 

Murine Typhus (S 3 monym Endemic typhus ) Typhus was first recog- 
mzed m the South m 1913, when PauUm reported 6 cases from Atlanta, Ga (17) 
Shortly afterward the disease was found m North Carohna and in Texas Be 
cause the chmeal picture was similar to that which had been desenbed by B 
m New York (see below), the name “Brill’s Disease” began to be apphed to the 
cases seen m the southern states However, Maxey, m 1926, emp asize 
differences between t 3 phus fever m the South, and that which occurre on 
the northeastern seaboard and m Europe (15) He found no evidence o o 
transmission m the southern cases, and suggested that the rat may serve as 
reservoir of infection This was later established as a fact by ^ 
associates, who also demonstrated that the rat flea can act as a vec r ’ . 

It was further noted that moculation of gumea pigs with typhus stra^ ^l^on 
m the southern Umted States led to mtense scrotal inflammation, (lb; a 
which did not occur dunng infection with strains from the European 
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typhus With all of this evidence it became obvious that the typhus m the 
southern United States is a different disease from the classical vanety The 
etiological agent of munne t 3 'phus, which has been named the Rickeiisia moosen, 
IS similar to, but not identical with, the Rtcketlsta proioazekt The disease can 
be transmitted from rat to rat by the rat flea and the rat louse, and from rat 
to man by the rat flea Munne typhus mfeotion has also been discov ered m 
house mich, the significance of this reservoir m relation to human disease remains 
to be decided (6) Under certam conditions the infection can also be trans- 
mitted from man to man by the body louse In this way epidemics of the 
disease can occur, as has been the case m Mexico (29) WTiether insect vectors 
provide the only means of infection with munne typhus is open to question 
Rickettsiae are present m the urme of infected rats, and it has been shown that 
munne typhus can be transmitted to rats by the feedmg of infectious material 
(26) It IS conceivable that human bemgs also may become infected by the 
inhalation or the ingestion of material contaminated with rat unne Many 
labomtory workers who have handled high concentrations of the nckettsiae 
have developed typhus, m these cases the portal of entry is presumed to be the 
respiratory tract Later m this article it will be noted that a history of flea bite 
was rarely given by our patients 

Brill’s Disease Between 1898 and 1911, Bnll (7) described a senes of oases 
m New York which bore a stnkmg resemblance to European typhus Brill, 
however, was unwiUmg to designate them as such because the circumstances of 
infection were so different from those which are usually present m European 
typhus When animal expenmente revealed that there was a cross immuni ty 
between Brill’s Disease and Amencan strains of typhus (from Mexico) (1), it 
was generally assumed that they were the same disease This behef was chal- 
lenged later by Zinsser and Castaneda, who showed that the nckettsiae isolated 
from cases of Brill’s Disease had the characteristics of the classical type, rather 
than the munne vanety (30) Zinsser then earned out a frmtful epidemiological 
study of the disease as seen along the northeastern seaboard (27) He found 
that 94 8 per cent of the cases had occurred m foreign bom mdividuals, chiefly 
Jews, who had immigrated to this country from typhus regions of central Europe 
He therefore postulated that Brill’s Disease represented a lecurrence of latent 
infection of classical typhus fever Recently his conclusions have been cor- 
roborated by Plots (19) who used the complement fixation test with nckettaial 
suspensions as antigens to demonstrate the immunologic identity of Brill’s 
Disease with classical typhus These facts are sufficient, m our opmion, to 
establish BnU’s Disease as a sporadic form of classical typhus It is apparently 
the only vanety of classical typhus now present m the Umted States Nearly 
all reported cases have occurred m the large cities of the northeastern section of 
the country, smee the majonty of immigrants from central Europe settled there 
Dhe posmbihty exists that such recrudescences could give nse to epidemics of 
classical typhus fever m the Umted States even now, m places where ovor- 
ctondmg and louse-mfestation are present 
At this pomt a comment on the nomenclature of the vaneties of typhus fevers 
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seems appropnate In the couree of years scores of names have appeared and 
time h^ proved many of them to be lU-chosen Zinsser has emphasized the 
point that both of the two major types of typhus may be either endemic or 
epidemic and that both may be louse-borne Likewise, neither is limited to 
any one geographical region We have used the term “classical typhus” to 
mdicate that vanety which is caused by the Rtcketisia prowazeh, is usually 
louse-borne and is prevalent m Europe The kmd which is endemic m the 
southern Umted States, whose etiological agent is the Rickettsia moosen, and 
whose natural reservoir is the rat, is most aptly termed “murme typhus ” 
“Brill’s Disease” is frequently used as a synonym for the latter, but smce the 
cases which Bnll descnbed actually appear to have been recrudescences of 
previously-aeqmred classical typhus, there is no justification for the application 
of that name to murme typhus 

Rocky Mountain Spotted Fever Of the other nckettsial diseases which occur 
m the Umted States, Rocky Mountam Spotted Fever is the one which could 
be confused clmically with murme typhus The causative organism has been 
named the Rickettsia nckettsii Several species of ticks are the natural vectors 
At least one of these {Dermacenior andersoni) serves hkewise as a reservoir of 
infection, smce the disease is hereditary m that arthropod Other reservoirs 
are m rodents and dogs Rocky Mountam Spotted Fever has been reported m 
nearly all sections of the country, mcludmg those m which murme typhus is 
endemic This disease is usually of greater chmcal seventy than murme typhus, 
and also differs m the distnbution of the rash For laboratory differentiation 
from tjphus the complement fixation test is apparently rehable (4) The Weil- 
Fehx reaction is positive m Rocky Mountam Spotted Fever just as it is m the 
typhus fevers 

American Q Fever 'Another tick-bome nckettsial infection has been found 
m this country, chiefly m the Northwestern states (8) It was first descnbed 
m Queensland, Australia, and thus came to be known as Q fever The causative 
organism has been called either Rickettsia diaponca ox Rickettsia bumeti The 
disease is not accompanied by a rash, may take the form of an atypical pneumo- 
ma, and bears httle resemblance to murme typhus (12) The Weil-Fehx reac- 
tion IS negative ■, j. n 

Bullis Fever A new nckettsial disease has recently been discovered at Gamp 

Bulbs m Texas and has been called “Bullis fever ” It is tick-bome, and w 
chaiactenzed by fever and a rash The Weil-Fehx reaction is negative (2, 

14, 26) 

laboratory procedure used in the diagnosis op murine typhus 

Jsolatum of the Causatwe Agent The organism can be isolated m the mly 
stage of the disease by moculatmg a gumea pig with the patient s oo 
method of diagnosis is, however, not practical, smce it is ' 

quires an expert observer and cames with it a not mconsiderable nsk of infection 

among the laboratory personnel . ,t 

' Weil-Fehx Reaction This test, which depends on the agglutma 
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0X19 Btrain of tho proteus bacdluB is the most useful routine laboratory pro- 
cedure for the diagnosis of munne typhus Zinsser has discussed the comcidence 
by ivfuch it Tvas discovered, and the probable immuno-chemical basis (28) The 
reaoUon usually becomes positive dunng the second or third week of illness A 
Knim liter of 1 to 100 or higher is genemlly diagnostic of typhus, particularly 
if there is a nsmg titer dunng the course of the illness The Well-Fehx reaction 
B poaibve m classical typhus and m Rocky Mountam Spotted Fever, as well as 
in munne typhus Furthermore, it may be positive m persons who have re- 
cently suffered from Proteus bacillus infection 

The Complement Ptxahon Test Using RtckeUstal Suspensions as Antigens This 
is apparently more specific m differentiatmg tho vanous nckettsial diseases 
than IS the Weil-Felix reaction, but unfortunately is not yet available m routme 
chmeal laboratones (4, 19) 

Biopsy In patients who have a rash, an early diagnosis can be made by an 
crpenenced pathologist, from a biopsy of one of the skm lesions (18) Tissue 
for this can be obtained readily at the bedside by the use of a skm-punoh biopsy 
mstnunent The specimen should be fixed m Regand’s solution and stamed by 
the Giemsa method The characteristic changes consist of an inflammatory 
process mvolvmg the small blood vessels, with proliferation of the endothehum 
Thrombus formation, such as is seen m classical typhus, is relatively uncommon 
Rickettsial bodies can be identified m the endothehum by expenenced observers 
However, even without this the pattern of the lesion itself is usually sufficiently 
characteristic to pomt strongly toward a diagnosis of typhus 

CLINICAL MATERIAL USED IN THE PREJSENT ANALTBIB 

The records of 120 patients who were treated m Gmdy Hospital durmg the 
8-year penod from 1936 through 1943 were selected for analysis Only cases m 
which the diagnosis of typhus had been established beyond reasonable doubt 
were moluded The principal entena for this selection were a clmical course 
consistent with the diagnosis, and a positive Weil Felix reaction m a titer of 1 to 
160 or higher Among the rejected cases were several which were consistent 
from the standpomt of olmioal course, but m which the serologic test remamed 
negative These, of course, may have been typhus fever, smee a positive sero- 
logio reaction is seldom found m 100 per cent of cases of any infection In 
several other instances the Weil-Felix reaction had been positive, but its signifi- 
cance could not be assessed because of Proteus bacillus infection of the unaaiy 
tract It IS particularly important to note that among the rejected cases were 
3 fatahties In these cases death occurred before a positive Weil-Fela reaction 
could have been expected They will be mentioned agam m tho section on 
“Outcome ’’ 


EPrOEinOLOGICAL DATA ON 126 CASES OP injMNE TTPHUS 

Age Table I shows tho distribution of tho patients m this senes, accordmg 
to age, sex and race While tho disease appeared m all the decades of life, nearly 
half of the patients were between 20 and 40 years of age This is usual m munne 
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typhus, and is probably attnbutable to occupational exposure to mfection It 
will be noted that only 3 patients were under the age of 10, this figure is not a 
true index, since our matenal did not include the records of colored patients 
under 12 years of age 

Sex Of the 126 patients, 82 were males and 44 were females, a ratio of 
almost 2 to 1 This is m accord with other expenence (20), and is usually 
thought to be due to greater occupational exposure m men 
Hace Murme typhus is usually thought to be much more common m white 
people than m negroes Maxcy and others concluded on the basis of reported 
cases from several southern states that the attack rate m the white population 
IS 7 to 10 tunes as high as that m the colored race (3, 6, 15) It is therefore of 
considerable mterest to note that more than half of the patients m our senes were 
negroes When the rates were computed m relation to total admissions to the 
hospital durmg the same 8-year penod it was found that there were 7 5 cases of 

TABLE I 


Dtatribulion of 1S6 Cases of Murine Typhus, According to Age, Sex, and Race 


! 

AOE GROUP 

WHITE 

NEGRO 

Mole 

Female 

Male 

Female 

0-9 


3 



10-19 

7 

4 

7 

3 

20-29 

9 

3 

14 

9 

30-39 

6 

6 

17 

2 

40-49 

4 

5 

4 

3 

50-69 

5 

3 

6 

2 

60-69 

4 

1 

1 

1 

+70 




. — — - 

Total 

34 

24 

48 

20 


murme typhus for each 10,000 white admissions, and 7 9 cases for each 10,000 
negro admissions Adnuttmg that the expenence of a smgle hospital may not 
be apphcable to the population as a whole, nevertheless it appears to us that the 
racial unmumty of the negro has been exaggerated Tucker and co-wortei^ 
came to the same conclusion after studymg several localized outbreaks of murine 
typhus m Nashville, Term (22) Possible explanations for the low number o 
reported cases among negroes are the facts that the rash often cannot be seen 
m negroes and that medical care and case-reportmg are madequate m that r^ 
Yearly and Seasonal Variation Table II gives the distnbution of the 
cases m this senes, accordmg to the month of admission, durmg the 8-year peno 
It will be noted that there was an mcrease m the frequency with which 
typhus was diagnosed m this hospital durmg the penod of this study 
impossible to say whether this represents a true mcrease m the mcidence o 
disease m Atlanta, or whether the figures simply reflect an improvement m 
p. Lm pal recognition of the disease 
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There is a marked seasonal variation in the prevalence of typhus m Atlanta, 
as also shown m Table 11 Nearly 78 per cent of the cases occurred dunng the 
months of August, September, October and November This preponderance 
of cases m the late summer and autumn had been found m other studies on 
typhus (6), but the reason for its occurrence has not been satisfactorily explamed 
Possibly it IS related to the fact that flea infestation of rats is greater m warm 
weather (11) 

Occupalton Maxoy noted that employees of food-handling establishments 
were particularly vulnerable to t 3 iphu 8 infection (16) This appears to be 
ejtplamable on the basis of the frequency with which such establishments are 
infested with rats A study of the occupations of the 126 persons m this group 
revealed that 34, or 27 per cent of them, were employed as food handlers, m 
restaurants, market places, produce and feed stores 


TABLE n 

Month and Year of Admistton lo the Hoaptlal, tn liS Catee of Munne Typhus 



Contact vnth Rate and FUfis Sixty-eight, or 64 per cent, of the records stated 
that there had been contact inth rats, and m only 6 per cent of the cases was 
such contact specifically demed Only 2 of the patients, however, could recall 
having been bitten by fieas As was mentioned previously, this is one of the 
pomts which has made us question the necessity of actual contact with fleas m 
order that infection of human bamgs can occur The feces of fleas and the unne 
of infected rats may contain nckettsiae, and it may be that the inhalation or 
ingestion of dust contammated with this material can be a mode of infection 
Contact between Cases Munne typhus usually occurs sporadically, any rela- 
tionship between cases is probably duo to co mm on opportumties for ovposure, 
rather than contagiousness of the human disease. We have observ^ case 
Siuupmgs of this type Dunng one penod of several weeks there were 0 cases 
^°ng negro male employees of a large feed mill This establishment was 
notorious for rat infestation, and had been the source of other cases of typhus m 
pronous years On another occasion there were 4 typhus patients m the hos- 
pital at the same time, all of whom hved on the same city block (but no 2 from 
0 nouBe) Then- homes were adjacent to a cotton mill, and the neighborhood 
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■n as over-run vrith rats Finally^ there was one small family outbreak, mvolvmg 
a mother and her 2 young children, these people hved near a farmers’ market 
place 


CLINICAL rEATERES OF 126 CASES OF MUBINE TYPHUS 

The chmcal features of murme typhus are fairly constant and distmctive 
The onset of illness is usually abrupt, often -with a chill There is a sustamed 
fever Headache is nearly always present A rash appears about the 5th day 
The illness is self-hmited, usually terminatmg dunng the third week Comphca- 
tions are few and the fatahty rate is low 

Onset An abrupt onset was an outstanding feature of the clmical picture 
in this senes of cases In approximately one-half of the patients the illness was 
well established within 24 hours after the appearance of the first symptom In 
an additional 40 per cent the abrupt onset of severe niness was preceded for a 

TABLE lU 


Principal Symptoms in 128 Cases of Murine Typhus 


SmPTOM 

L 

PEESEKX 

ABEEJT ; 

2 OT MENTION'ED 

Nnmber 
of cases 

1 

Per cent 

Number 
of cases 

Per cent 

Number 
of cases 

Per cent 

leadache 

114 

91 

4 

3 

8 

6 

ktuscular Achmg 

111 

88 

5 

4 

10 

8 

[Chills 

90 

71 

27 

21 

9 

7 

tnorexja 

80 

63 

12 

10 

34 

27 

Dough 

68 

54 

34 

27 

24 

19 

i^omiting 

61 

48 

67 

45 

8 

6 

?hotophobia 

29 

23 

19 

16 

78 

62 

Donatipation 

26 

21 

43 

34 

57 

46 

Sore Throat 

16 

13 

— 

— 

110 

87 

Diarrhea 

13 

10 j 

43 

34 

70 

56 


’ew da 3 ns by mild premomtory symptoms, prmcipaUy achmg, headache, fevensh- 
less, coryza, anorexia and cough Finally, m a few cases the onset was mter- 
tnediate m type, without a prodromal penod, but with the development of the 
tuU-blown lUness occumng over a penod of 2 or 3 days 
Symptoms The chief symptoms of the 126 patients are hsted m Table IIL 
They are symptoms which occur with many acute infections diseases, and no one 
of them IS sufiSciently distmctive to the pathognomomc of murme typhus 
Headache was the most frequent complamt, and many patients considered it the 
worst feature of the illness It was usually frontal, but occasionally occipital 
m distnbution It appeared early and often lasted throughout the febnle 
penod, varymg m mtensity with the nse and fall of the fever and gradually 
dunmishmg dunng defervescence Efforts to reheve the headache by means of 
common analgesics resulted m only partial rehef Muscular aching andmalaise 
were nearly as common as headache They were frequently associated with 
moderate muscular tenderness The achmg mvolved particularly the lumbar 
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region, the logs, the shoulder and upper arm muscles and the back of the neck. 
Occasionally there was pain in the abdomen, suggesting the possibdity of a 
surgical condition, m fact, one of these patients was subjected to an appendec- 
tomy because of lower abdominal pam and tenderness, Chtlls occurred m 90 
of the 126 cases, usually dunng the first week of illness Not infrequently a 
dull was the mibal symptom In 61 of the 90 cases, there were repeated chills, 
some patients expenenced as many as 16 or 20 Oasirointesivnal complaints 
were numerous All except a few patients had anorexia, and m half of the cases 
there were one or more episodes of vomitmg. Twenty per cent of the patients 
were troubled by constipation and 10 per cent had diarrhea , however, the symp- 
tom of diarrhea is common m this dass of patients, because many of them take 


TABLE IV 

Perceniage of Whits and Negro Palisnts TFAo Nad a Skin Rash 



mivni or cask* 

innou irm utsa 

Tsm CZKt WITH HASB 

White 1 

88 

62 

GO 

Negro 

68 

29 

48 

Total 

126 

81 

64 


TABLE V 

Loeaiion of the Shn Rash «n St Cases of Mitrine Typhus 


tOChSMtS 

vnosa 

m cxKt 

Trunk 

79 

98 

Upper extremitiee 

61 

7S 

Lower extremities 

48 

69 

Palms 

11 

14 


8 

10 

Face 

8 

10 


laxatives at the first sign of illness Cough occurred m 64 per cent of the oases 
It was usually non productive or acoompamed by only small quantities of mucoid 
sputum In 6 cases the sputum was described as blood tmged or rusty Photo- 
phobia of moderate degree was noted m 23 per cent of the cases, and sore throat 
m 13 per cent 

Physical Findings, On admission the patients generally appeared acutely ill 
and were uncomfortable because of muscular pams or heaiiahe As to the 
seventy of the illness, 100 of the 126 cases were described as modemtoly ill 
Frank dehnum was present in 21 of the 126 cases and some dumnution m the 
levd of airarenesa was noted m an additional 28 patients The remauung 77 
wore mentally clear 

The skm eruption is the moat hdpful physical findmg leadmg to the diagnosis 
of typhus It docs not occur mvanably, however, only 81 of the 126 cases in 
this senes had a rash As is shoira m Table IV, a rash was found m loss than 
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half of the negro patients, while it was present m 90 per cent of the white pa- 
tients This discrepancy undoubtedly results from the difficulty m identifying 
a rash on deeply pigmented skm It may account m part for the small number 
of cases reported m negroes The rash of typhus is rather distmctive The 
lesions are 3 to 10 mm m diameter, macular or papular, and not confluent At 
first they are pmk to dull red in color and blanch on pressure Occasionally 
they are hemorrhagic As the rash matures it no longer disappears with pressure, 
but assumes a brownish hue, and then fades Li Table V is shown the location 
of the rash m this group of cases It was present on the trunk almost without 
exception, bemg most profuse on the chest and abdomen, and less extensive on 
the back Lesions were also frequent on the proximal segments of the extremi- 
ties. There was only occasional mvolvement of the palms, soles and face m the 
form of eiythematous macules It is usually said that the rash appears between 
the 4th and 8th days of lUness We were unable to obtam rehable information 
on this pomt, beyond the fact that rash was present at the time of admission to 
the hospital m 74 of the 81 cases The lesions usually have disappeared com- 
pletely by the time the fever is gone Conjunctival mjection was noted m 86 
cases (68 per cent) It was usually moderate m degree, but occasionally there 
were small sub-conjunctival hemorrhages 

Nearly all of the patients appeared dehydrated at the time of admission 
There was diffuse reddemng of the throat m 52 cases (41 per cent) Lymph 
node enlargement was not noteworthy Physical exammation of the chest was 
essentially negative except for a few patients who had bronchial wheezes, 
rhonchi, or scattered basal rales X-rays of the chest were obtained m 71 cases 
A number of them showed accentuation of hilar markmgs, but there were no 
other abnormahties attnbutable to typhus fever The spleen was palpable m 
35 cases (28 per cent) It was usually moderately firm, and diminished m size 
durmg the convalescent penod There was no significant hver enlargement 
Neurologic signs were rare, aside from occasional dehnum, already mentioned 
In 8 cases (6 per cent) there was shght stiffness of the neck Moderate muscular 
tenderness was qmte common 

Course of Illness The majonty of the patients m this senes were adimtted to 
the hospital between the 4th and 8th day of illness The symptoms usually 
remamed at about the same mtensity for the first 8 to 10 days of disease, then 
gradually dunmished durmg the foUowmg week We encountered no instance 
of relapse of typhus fever 

The temperature curve is a characteristic feature of the disease In calcu- 
latmg the duration of fever m this senes of cases the imtial appearance of the 
fever was considered to comcide with the abrupt onset of lUness whether or not 
there had been prodromal s 3 Tnptoms Table VI gives the duration of fever 
on this basis, m all cases except those in which some complicating infection bad 
obviously prolonged the fever In approximately half the cases the duration 
of fever was between 13 and 17 days, the extremes of vanation bemg from 9 to 
25 days Durmg the first 8 to 12 days the temperature usually ranged'between 
103° and 105° F , after this the level began to slope downward In most in- 
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stances defervescence took place over a period of 2 to 7 days, and during 
defervescence the daily variations were more marked than m the early stages 
of the disease. 

TABLE VI 


DuroKon o/ Ftter tn tt6 Catu of Mitnne Typhta 


Dcnunon or yrrr* 

ircoosxi or caixs 


1 

8 

1 

10 

2 

11 

8 

12 

6 

13 

11 

14 

14 

16 

7 

16 

16 

17 ! 

12 

18 ' 

4 

19 ' 

5 

20 

6 

21 

7 

22 

10 

23 

3 

24 i 

1 

26 

2 

Not Estimated 

IS 


niBORiTORY DATA ON 120 CASES OF MURINE TYPaUS 

IFcil-Feli* Reaclwn. A positive Weil-Fehx test was one of the cntona for 
the selection of the coses for this senes, consequently all of the patients had a 
serum agglutination titer of at least 1 to 100 at some tune dunng the penod of 
observation The rate of appearance of antibodies was found to be vanable 
In some instances a significant titer was found as early as the 5th day of illness, 
while m other cases it did not develop until the 20th day In most patients a 
rising titer was demonstrated and the highest levels occurred dunng the period 
of early convalescence Data were not available on the duration of the reaction 
after recovery Table VTI lists the titers found on ndnussion, as well as the 
highest attained, in the last 65 cases m this senes The data on the eariier cases 
were not tabulated, because in many instances the test had not been carnfcd to 
maximum serum dilutions 

Anamnestic Aggluhnahon Reaeitons In 27 of the 120 cases there was, at the 
time of the development of the positive Weil Felix reaction, agglutination of 
one or more other antigona-Typhoid “H", Typhoid “0”, Paratyphoid B or 
Brucella in a titer of 1 to 80 or higher, occasionally neaobirig such lei ck as 1 
to 040 or 1 to 1280 Thcso reactions were usually transient and the agglutina- 
tion titer for the Proteus OXlO was always higher These points, together with 
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the fact that the chnical features were characteristic of typhus, made it seem 
reasonable to regard the other agglutmations as anamnestic phenomena 
Leucocyte Counts Leucocyte counts were usually determmed several times 
m each of these cases Table VIII shows the levels of the leucocyte counts at 
the time of admission, as well as the highest and lowest figures for each patient 
In tabulatmg this material we ehmmated all cases m which there was some 
comphcation which might have affected the leucocyte count The lowest count 

TABLE vn 


Admission and Maximum Weil-Felix Titers in SB Cases of Murine Typhus 


TITER 

ON ADMISSION TO nOSPITAL 

HIGHEST TITER REACHED 

0 

11 


40 

10 


80 

9 


160 

6 

2 

320 

10 

11 

640 

4 

6 

1280 

3 

12 

2660 

1 

10 

6120 

1 

8 

V 10240 


6 

20480 


1 


TABLE VIII 


Admission, Highest and Lowest Leucocyte Counts in lOS Cases of Murine Typhus 


UlUCOCYTE COUNT 

ON ADMISSION 

HIGHEST 

LOWEST 

0-1900 

1 

0 

1 

2000-3900 

3 

0 

6 

' 4000-6900 

21 

3 

22 

6000-7900 

29 

27 

36 

8000-9900 

21 

36 

19 

10000-11900 

20 

14 

17 

12000-13900 

6 

8 

’2 

14000-15900 

1 

6 


16000-17900 

2 

6 

1 

18000-19900 


2 


20000-21900 


2 



recorded was 1,500 and the highest 20,800 In the majority of cases, however, 
the white blood cell count feU withm normal limits The differential coimts 
usually revealed a normal distnbution, occasionally there was a moderate 
mcrease m polymorphonuclear cells 

Urinalyses Unnalyses frequently showed the presence of a small amount of 
albumm and a few granular casts durmg the early period of illness, but other 
than this there were no urmaiy abnormahties 

Sedimenlaiton Rates Sedimentation rates, detennined by the \\estergren 
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method, ranged from 2 mm to 120 mm per hour, but m the nmjonty of cases 
the rates were from 30 mm to 80 mm during the febrile stage 
Sptndl Flutds The cerehrcepinol flmd was examined m 46 cases In one 
group of 8 cases the fluids were abnormal, but these 8 patients all had positive 
blood serologic tests for syphilis, hence it was impossible to mterpret the findmgs 
with reference to typhus On the other hand, there were 9 cases m which blood 
serologic tests for syphflis were positive, but m which the spinal flmd findmgs 
were entirely normal In the temammg 28 cases there was no past or present 
evidence of syphilis In these the spinal flmd pressure, total protem, K a h n and 
mastio were aU normal The spmal flmd cell counts m these 28 cases were less 
tVino 6 m 23 cases In 2 of the remainmg 6 cases the cell count was 6, m another 
case It was 8 One patient’s flmd contamed 19 lymphocytes on admission to 
the hospital, and none on a subsequent examination The last patient’s cell 
count was 16 and 12 on 2 occasions. 

Serum Cahtum Recently it has been reported that the serum calcium level 
IS decreased m classical typhus (24) Because of this report, serum calcium 
levels were obtamed m 6 of our oases of murme typhus The results were all 
withm normal hrmts 


OOUPUCATIONB 

Comphcations occurred infrequently Three patients contracted pneumonia, 
with roentgtaologio evidence of consohdation The etiology of these 3 pneu- 
monias was not detetmmed One boy developed a pleural transudate, which 
disappeared spontaneously Two elderly patients became uremic, one died and 
the other eventually unproved Two patients had acute smumtis, otitis media 
ooomred once Decubitus ulcers devdoped m 2 patients Dehnum tremens 
occurred m one patient who was addicted to alcohol Herpes labiahs appeared 
m only 4 cases (3 per cent) The infrequency of this comphcation may be of 
some aid m differentiatmg typhus fever from other febrile Alnesses 

OUTCOHB 

'There was only one death m this senes of 126 cases This occurred m a 00- 
year-old colored woman She was uremic at the time of admission to the hospital 
and died on the 12th day of illness Autopsy was not obtamed. It is important 
to note the deaths of 3 other patients in whom a chmcal diagnosis of typhus 
fever had been made, durmg the 8 year penod covered m tins study The 
chmcal features m these patients were compatible with a diagnosis of typhus, 
but the WeA-Fehx reactions were not positive up to the time of death, and autop- 
sies were not obtamed Because of question ns to the diagnosis these 3 cases 
were not moluded m the 120 cases selected for analysis, but their exclusion may 
mdicate a falsely low case fatahty rate 

TnBA.TMENT 

The only therapeutic mdications at the present tmio are symptomatic and 
supportive measures Paronteml flmds ore beneficial, smec most of the patients 
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are dehydrated Other symptomatic therapy mcludes sedatives, analgesics and 
laxatives Sulfonamides are without effect Because atabrm has been re- 
ported to be effective m the therapy of classical typhus (23), this drug was given 
to 7 patients m this senes, m doses of 0 3 to 0 6 gm per day It did not appear 
to alter the course of the disease Recently, we treated 3 early cases with large 
doses of pemcilhn (600,000 umts per day), this also was without effect 

SUMMARY 

The cluneal features and laboratory data m 126 cases of munne typhus fever 
are analyzed, and entena for the diagnosis of the disease are discussed Other 
nckettsial diseases which occur m the TJmted States are reviewed, with special 
reference to their nomenclature and epidemiology 

While this article was in press, another senes of cases was reported from Charity Hospital 
in New Orleans “Endemic (Munne) Typhus Fever Climcal Observations of ISO Cases”, 
B M Stuart and R L Pullen, Ann Int Med , 23, 620, 1946 
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AN INVESTIGATION OF THE EFFECTS OF RECUBEENT MALARIA 

An Organic and Pstcholooical Analtbis op 60 SoiiDiebs 

CAPTAIN PHILIP A TUMULTY » CAPTAIN EDWARD NICHOLS, MAJOR 
MARTIN L BINGEWALD, and MAJOR THEODORE LIDZ» 

Medical CorjM, A UJS 


INTRODirCTION 


For the past 18 months, several thousand soldiers ivith recurrent attacks of 
bemgn tertian malana have been treated at this Army General Hospital We 
were impressed by the constancy of certain of their complamts Pronunent 
among these were varying degrees of weakness and easy fatiguabihty, intolerance 
to heat and sun, tenseness, headaches and gastro mtestmal symptoms These 
soldiers showed considerable vanation m their physical reaction to the recurrent 
malana. Some were markedly debilitated while the general condition of others 
remamed good Few significant climcal findings were ever found to account for 
either the complamts or the degree of debdity There was also a great difference 
m the manner m which the soldiers adjusted to repeated attacks of malana 
Some were able to contmue full field duty, while others had to be given limited 
duty or were returned to the Umted States Obvnously, the question arose aA 
to what orgamo alterations the malana might have produced and whether they 
were sufficient m themselves to account for the whole climcal picture The mter- 
play of orgamo and psychological factors was recognised, but the relative propor- 
tion and importance of each was unknown It therefore seemed of value to 
study the reaction of the mdividual as a whole to his recurrent malana. A 
survey of the malanal hterature, which of necessity was hmited to a review of the 
Tropical Diseases BuUetm from 1922 to 1943, and several standard text-books 
on tropical diseases, while reveohng a tremendous amount of work devoted to 
particular phases of the malana problem, disclosed no climcal study of the total 
effects of recurrent malana upon the complete individual Additional conadora- 
tions have contributed to the desire to make such an analysiB Eipenence 
taught that many soldiers have misapprehensions and ignorant fears about what 
recurrent malana has done to them, and will contmue to do in the future These 
fears contnbuto to a neurotic reaction to their disease A clarification of the 
total effects of malana might be helpful m dispellmg such feais After the war 
the question of disability compensation will arise Malana will doubtless be 
blamed for many obscure complamts We should have well established ideas 
as to what malana can and cannot do m the way of producing p<-mianent dis- 
ability Smee the physical and emotional reaction to the disease aned so much 
from mdmdual to mdividual, could certain broad cntcria be found to aid m d 
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termuung which soldiers might be most hkely mcapacitated by recurrent malanal 
infection? And further, havmg acquired recurrent malaria, what factors might 
be helpful m dete r mi n ing a soldier’s future duty status, so that he might be used 
most efficiently? Fmally, optimum therapy of the soldier with recurrent malana 
predicates a knowledge of the total effects which the disease may produce m h 7 m 
Therefore, the study was planned to mclude a detailed analysis of histoncal 
and physical data, the utilization of all available pertment laboratory techmques, 
as well as special consideration of psychological factors 

METHOD OF STUDY 

Fifty soldiers who had suffered recurrent attacks of bemgn tertian malana were 
selected Complete blood and urme examinations were made, certam functional 
and metabohc studies performed as outhned m the schedule (Table 1), and fa- 
tigue tests were earned out Consultation was had with Ophthalmological and 
Psychiatnc specialists m every case In certam instances, when indicated either 
by chmcal or laboratory findings, more speciahzed mvestigations were made by 
the Urologist and the Otolaryngologist 
A small separate ward was devoted to the study of these fifty patients Special 
personnel was selected and eqmpment and facihties were arranged solely for this 
study. The soldiers, six at a time, were admitted to the ward, and the study 
penod extended over seven days The reasons for this mvestigation and the 
nature of each test were carefully explamed to the soldiers It was felt that com- 
plete cooperation was given by every patient To insure the greatest rehabihty 
of the histoncal data and the performance of the tests, the soldiers clearly under- 
stood that this survey would m no way influence their disposition or duty status 
The studies were earned out m each case according to the schecule m Table 1 
The total effect of any lUness upon an mdividual, may be expressed m terms of 
physical and psychological factors Considerable expenence m the treatment of 
recurrent malana here dunng the past eighteen months had re-emphasized the 
mter-relationship of these factors m our patients It therefore seemed to us that 
the most frmtful way of studymg the total effect of malana upon them was to 
mvestigate and correlate the manifestations of the disease as they appeared m 
the patients when divided mto four categones as follows 

Oroup One — Soldiers with multiple attacks of recurrent bemgn tertian ma- 
lana, m good physical condition, and well adjusted (14 subjects) 

Group Two — Soldiers with multiple attacks of recurrent bemgn tertian 
malana, m poor physical condition, but well adjusted (12 subjects) 

Group Three — Soldiers with multiple attacks of recurrent bemgn tertian 
malana, m poor physical condition, and badly adjusted (13 subjects) 

Group Four — Soldiers with multiple attacks of recurrent bemgn tertian 
malana, m good physical condition, but badly adjusted (11 subjects) 

In this study the soldiers were not placed m any of these categories until after 
an evaluation of the history and physical exammation, and a week of observation 
and study The psychiatnst grouped the patients as to adjustment inde- 
pendently, and it IS of mterest that complete agreement was reached regardmg 
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TABLE 1 

Study Schedule 

Day One 

1) Completo history and physical examination 

2) Intravenoua glucose tolerance teat 

3) Complete unne examination 

4) Stool examination for ova and parasites 
6) Serological teat for syphilis (Kahn) 

6) Phenolsulphonthalem urinary excretion test 

Day Tw'o 

1) Basal metabolic rate determination 

2) Bromsulphaloin liver function test 

3) Stool examination for ova and parasites 

4) Hines cold pressor teat 

B) Schneider Index ^ 

6) Running in place fatigue study 

7) Postural hypotension study on tilt table 

Day Three 

1) Unnary concentration tost 

2) Stool examination for ova and parasites 

3) Schneider Index 

4) Running in place fatigue study 

5) Postural hj'potension study on tilt table 

Day Four 

1) The Kepler Poorer Water Test for adrenal cortical insufficiency 

2) Electrocardiogram 

3) Tolcoroentgenogram of tho chest 

4) Schneider Index 

fi) Running in place fatigue study 

0) Postural hi^potonsion study on tQt table 

Day Five 

1) Three day salt deprivation teat, for adrenal cortical insuffiolency begun 

2) Blood taken for total serum proteins with albumin globulin ratio, eorum sodium, 

potassium and chloride ' 

3) Blood taken for a complete hematologlcAl oxamination 

Day Six , 

1) Basal metabolic rate determination 

2) Complete unne examination 

3) Psychlatnc or Ophthalmological consultation 

4) Determination of mental ago by Stanford Bmot and Kohs tests 

Day Seven 

1) Completion of tho 3 day salt deprivation test 

2) Blood drawn for scrum sodium, potassium chlonde, and hematocrit 

3) Psychlatnc or Ophthalmological consultation 

4) Rorschach test 
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all but three The different opinions concerning the grouping of these three cases 
were reconciled after discussion By the term adjustment, as used m this study, 
we mean the practical, effective utihzation of the patient’s resources m the situa- 
tion at hand This practical adjustment was chosen m preference to the more 
mdefimte term “morale” Tn the last analysis the evaluation of adjustment 
was determined the capacity and willingness of a soldier to do his job 

mSTOHY 

In t akin g the history, an effort was made to obtam as complete a picture as 
possible of the soldier as an mdividual, m order that we might better understand 
his reaction to malana Consequently, more emphasis was placed on the sol- 
dier’s background and his adjustment to civilian and mihtary life than is stressed 
in the usual type of medical history So that the histones would be as uniform 
and comparable as possible, a detailed form was designed The form, based on 
the usual comprehensive medical history, was amplified to mclude mqmry mto 
constitutional traits, school and work record, tolerance to physical and mental 
strain m the past, rapidity of recovery from fatigue, and tolerance m the past to 
heat, sun and cold An entire section was devoted to those symptoms which 
have seemed to us most commonly associated with chrome malana An attempt 
was made to determine whether these symptoms had ever existed m the past, to 
what degree, and whether they had been felt under physical or emotional stress 
and strain A complete malanal history and detailed weight record were ob- 
tained The histoncal data m the routme family and pa^ histones and the 
system review revealed that there was no famihal disease, and that the past 
general health of each soldier had been good The special data, deahng with con- 
stitutional and environmental factors and previous adjustments, is to be corre- 
lated with the patient’s adjustment to recurrent attacks of malana m a later 
section of the study 

The fifty soldiers, with two exceptions, were members of combat divisions that 
had seen action, where they were heavily seeded with bemgn tertian malana 
dunng a penod extending roughly from October 1942 to March 1943, when they 
were removed for a rest penod here They remained for one year until Mardi 
1944, when this study was b^im Dunng this mterval attempts were made 
both by the hospitals and the regimental medical personnel to eliminate all those 
who not only as a result of their malana, but also as a result of their emotional 
maladjustment, were considered no longer fit for duty m this theater of operar 
tions These were returned to the Umted States A further weedmg out was 
made just pnor to the division’s return to action m November 1943, when those 
men thought unfit for combat duty were reassigned to non-combat duty m a 
non-malanous area This group consisted for the most part of men who had not 
been sufficiently ill to require disposition earher, and m whom sufficient improve- 
ment had been anticipated to pemut return to action Because of the frequency 
of their malanal recurrences and the development of chrome malanal symptoms 
t.bifi hope was not realized It was from this latter group that the patients for 
this study were drawn 
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The patients ivere white males, ranging m age from 21 to 32 years, with an 
average age of approximately 25 years There was no significant age differenoh 
among the four groups 

Maland Huiory All of these 60 soldiers came from umts heavily mfected 
with benign tertian malaria This malana was charactemed by moderately 
severe paroxysms, readily controlled by the usual forms of therapy, and by fre- 
quent and multiple recurrences which were not influenced by the type of therapy 
employed Comphcationa were infrequent The recurrence rate observed m 
this Hospital during the early course of the disease was approximately 60 per 
cent While m combat these soldiers were exposed to both falciparum and 
quartan as well as bemgn tertian malana. Immediately after arrival m March 
1943 P fahtpanim parasites were found m approximately 32% of the smears at 
tbiH hospital, but SIX months later, this stram had died out and was not found 


TABLE 2 

Showing the patient attack rate in each group 
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Group One (Good Physical) (Good Adjustment) 

5 

7 

2 

0 
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Group Two (Poor Physical) (Good Adjiuitment) 

4 

7 

■■ 

0 

n 

Group Three (Poor Physical) (Poor Adjustment) 

2 

8 


0 

0 3 

Group Four (Good Physical) (Poor Adjustment) i 

2 

8 

1 

1 

0 

10 

Totals 

13 

30 

7 

0 

10 


subsequently In none of the soldiers mduded m this study could even a sug- 
gestive history be obtained of blackwater fever, cerebral malaria or any other 
senouB comphcation of the disease At the tune of the study none of the 
patients had olmical evidence of acute malana. Thick malanal smears were 
negative m all but two cases 

Table 2 mdicates the number of attacks sustamed by these 60 patients It can 
be seen that there is no appreciable difference m the number of attacks occurring 
in the four groups The average number of attacks per patient was ten. 

Supprctsivc Therapy Forth three of the fifty patients were recoivmg sup- 
pressive therapy at the tune of the study Of these, forty were taking atabrme 
0 4 gram per week, and the remaming three took qmume 0 3 gram per day 
Seven were receiving no therapy 1 

Interval hciween attache An effort was made in each case to dctomiino as 
accurately as possible the intcn al bet« een attacks Because of the largo number 
of attacks recurring over a period of 8 to 15 months an accurate dotermmation of 
this interval was not possible It appeared, however, that early m the disease 
the attacks occurred at shorter intervals, approximately once a month, while as 
the disease progressed the interval lengthened to 0-8 wcok-s The factors re- 
sponsible for this change could have been cither the natural course of the disease 
the wider employment of suppressive thernpj , or both It was not possible to 
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detelmine what part malanal suppre^ve therapy, known to be effective, played 
m prolonging the free interval between attacks durmg most of the course of their 
disease, as it was apphed inconstantly over this penod The interval between 
the patient’s last malanal attack and the tune at which these studies were made 
averaged six weeks Table 3 shows this tune mterval as it occurred m each 
group, and it can be seen that there is no appreciable difference between them 
Past MaXandL Therapy The divisions from which these patients were drawn 
represented the first malanal casualties which the Army treated m this theater 
Ckmsequently, the treatment extendmg from October 1942 to November 1943 
was partly experimental, both as far as the therapy of the acute attack and sup- 
pressive measures were concerned Irrespective of the type of therapy employed, 
the soldiers were treated early m each attack, and the foUowmg the first paroxysm 
m the great majonty The methods of therapy mcluded the use of atabrme, 
q ui n in e and plasmochm either smgly or m combmations Atabrme was the drug 
most commonly used It was given m small dosage for a short penod of tune (1 5 
grams withm 5 days), small doses for long penods (2 1 grams per week for 8 
weeks), m massive doses for short penods (1 6 grams m 24 hours), and other 

TABLE 3 


Showing the number of weeks intervening between last attack of malaria and the 

'performance of studies 


GROUP 

ONE 

TWO 

THREE 

rouR 

AVERAGE 

Weeks 

5 

6 

6 

8 

^ 6 


dosage schedules up to 6 3 grams withm seven days Some of the patients re- 
ceived the drug mtramuscularly Qumme was used frequently m varymg dos- 
ages while the soldiers were m combat, but after reachmg here only those received 
it who were mtolerant to atabrme Rarely qumme was used mtravenously In 
March 1943, shortly after amvmg here, the great majonty of these patients re- 
ceived one or two courses of plasmochm, m dosage varymg from 20 to 30 mgm 
daily for 6 days This type of therapy was soon discontmued because of the 
widespread occurrence of severe abdommal pam, nausea and vomitmg which 
accompamed its use In November 1943, consequent upon a directive from the 
Surgeon General’s Office, the-treatment of the acute attack was standardized to 
the use of atabrme m the dosage of 2 8 grams over a seven day penod While all 
o‘f these methods of therapy were uniformly and equally effective m controUmg 
the acute attack, a patient rarely havmg more than one paroxysm foUowmg the 
institution of treatment, it did not appear that one type was more effective than 
another m mfiuencmg tlie recurrent course of the disease, once the form of therapy 
was completed 

We have already called attention to the vanable apphcation of suppressive 
measures m these patients Atabrme was used m dosages varymg from 0 4 
gram per week to 0 7 gram per week except m rare instances when the soldier was 
unable to tolerate this drug, and then qumme was substituted m dosage varymg 















investigation op ttfects of beourrent malaria 


23 


from 0^ to 0 6 gram per day In the five months period from June 1043 to 
November 1943, the majonty of these patients received no suppressive therapy 
After Novemher 1943, uniform suppressive measures were instituted, and the 
soldiers were give® 0 4 gram of atabnne a week suppressrvely Although pnor 
to this time, the varying and mconstant employment of suppression had made it 
impos^le to evaluate its effectiveness, followmg the use of this uniform regime, 
the rate of recurrences m this group of soldiers was markedly reduced 

The AppeQTance of Symptoms It can be seen from Table 4, that chrome symp 
toms made theu appearance earher m patients who were m poor physical condi- 
tion at the time of this study, (Groups II and III), than they did m those patients 
whose physical condition remamed good (Groups I and 1^0 Approximately 
80% of the patients m the former category began having symptoms withm the 
span of the first four attacks as contrasted to approximately 60% m the latter 
groups This observation may have some prognostic value m mdicatmg that 
patients who develop chronic symptoms after tho first few attacks are likely to 
fare less well 


TABLE 4 


Shomng cUack foUowtng which chronic aympioma appeared 


wnatt or f Attnrw w 

oxoxrr ore 
(OOOO FFm.) 
(0000 AOJ) 

oaour TWO 
(KKi* nrra.) 1 

(OOOO 

cnunTmux 
(root nnti ) 
(rooEAs;) 

OTOvr Toux 
(oooorsTv) 
Oooi ADJ ) 

AttaoL alter which symp 
toms appeared 

1-4 

7 

8 

11 

0 

6-8 

6 

3 

♦ 2 

3 

9-10 

2 

0 

0 

2 


Sympiomt Chart 1 lists the clvromc symptoms most commonly mentioned 
by tho patients, and the frequency of the occurrence of eacli It should bo 
emphasized that wo are not conadenng tho symptoms accompanymg the acute 
attacks of r^ana, but the symptoms which have boon more or loss constantly 
present between attacks for the past six to tn elvo months Tho most common of 
these was weakness, present chromcally m 94% of tho patients This was do 
scribed variously as loss of muscular strength, easy fatiguabihty, and look of 
physical and mental energy Because of it, tho soldiers wore unable to perform 
strenuous activity, and m some instances were unable to do even hght work 
Some degree of weakness had been experienced at tunes prior to the onset of 
malana m 16 of the 60 patients, when thej wore subjeoted to cither mental or 
physical stress Accompanymg the disease weakness was present persistently 
and to a much greater degree Of the 36 patients who had never had this symp- 
tom before, all but three developed it to n considomblo extent Intolerance to 
heat and sun appeared in 02% of tho patients An attempt was made to dis- 
tinguish tho almost umi crsal discomfort occasioned by a warm tropical climate 
from tho more specific £'nd intense intolerance to sun and heat which seemed to 
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come on foUowmg repeated attacks of roalana Of the 39 patients who had 
never previously been bothered by heat or sun before their malana, 67% had it 
as a definite complamt afterwards Thirty-mne ^patients complamed of some 
degree of tension, 27 of them had expenenced the symptom occasionally in the 
past, but followmg the malana it was present chromcally and to a more marked 
degree Although excessive sweatmg was promment, its relationship to malana 
was difficult to evaluate because of the chmate and the almost umversal presence 
of this symptom m the past history Thirty-srx patients never complamed of 


'^OCCUI^PCC 10 20 30 40 50 60 70 80 90 100?^ 



Chart 1 Graphic Representation of the Frequenct, Expressed as Percentage, 
WITH Which These Most Commondy Occhekino Symptoms Were ^hhonioaldy 
COSIPLAINED OP IN THIS GrOEP OP 50 SOLDIBRS, SUFFERING FROM TREATED BUT 
Recurrent Tertian Malaria 


headaches pnor to malana Of these, 26 or 70% developed chrome heaadaches, 
which vaned greatly in character, were of all grades of seventy, and had no par- 
ticular locahzation They did not simulate any specific chmcal type but re- 
sembled what IS usually considered under the broad heading of tension headache 
It was impossible to relate these headaches defimtely to either tension or to in- 
tolerance to heat or sun, because m every case but two, these three symptoms 
were equally promment Of the 42 patients who had never complamed of exer- 
tional dyspnea before malana, 60% had this symptom at the time of this study 
The dyspnea desenbed by these patients was mild to moderate m degree It was 
not accompamed by the other symptoms commonly occurrmg with neurocircula- 
tory asthenia Frequently associated complamts were anorexia and msomma m 
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appToxJinately 40% of the patients, and indigestion to a lesser degree Palpita- 
tions, desonbod as mild to moderate cardiac consciousness after effort, were fre- 
quently associated with a tendency to dmamess and “blackout ” This was not a 
true vertigo, but was described vanously ns a momentaiy sense of instnbibty or 
famtness, at tunes with spots before the eyes, most often apparent on assummg the 
erect posture Pam reterred to the splcmo area occurring chromcally between 
attacks, usually durmg physical exertion, was complained of by 27% of the 
patients While skeletal and musde pains were pnncipal comphunts durmg 
acute attacks of malaria, they were insignificant at other tunes Other symp- 
toms including frequency, dvsuna, nootuna, diarrhoea, constipation, and salt 
craving, were specifically mquired about and found to be of httle importance 
Their hbido was norm ah 

TABLE 6 


Showing the weight loea tn each group 


vncui or rimsm nr 

cvmr otn 
(pooo Wn ) 
(GOOD AZIJ ) 

GIOOT TWO 
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(OOOO JiSiJ ) 

atom TwxsE 
(tool ran ) 
(root AOj ) 
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(rOOX ADjJ 

PoundB lost 

20-30 

2 

6 

8 

2 

10-20 

6 

4 

4 

4 

5-10 

Z 

2 

0 

3 

0-6 

3 

1 

1 

2 

Average weight loea 

10 6 

17 3 

20 6 

11 3 


The significance of these symptoms, their sources m^the psychological or or- 
gamc fields, or both, and their relationships to the group divisions, will bo dis- 
cussed later, after the background of objective physical, laboratory and special 
test data has been presented i 

PHYSICAL EXAMINATION 

A complete physical examination mcludmg a rectal and neurological was done, 
and the findings recorded on a standard form In addition, every soldier was 
observed by all of us with the mtcnsion of readung a common opinion as to his 
general physical status uponnhich m part his group classification depended No 
physical abnormahties were discovered m these examinations other than weight 
loss, debihty, and m a fen cases, a palpable Uver and spleen Table 6 shon a the 
weight loss which occurred m each group 

In every instance mquiry was made of the soldier’s weight at the time of in- 
duction, at the port of embarkation, and just prior to the onset of rnalana The 
weight loss recorded represents only tliat occurring durmg the course of the 
malanal infection up to the tune of the present study How much of this loss 
can be attributed solely to malann, and how much is due to other factors such 
as combat, tropical life, etc., can only bo surmised Once the stresses of combat 
existence had been removed, the fact that most of these mdinduals failed to re- 
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gain their weight, over a penod of 9 months to a year m a rest area, suggested 
that the prime cause of their inabihty to gam was the recurrent malana Their 
weight loss was considerably m excess of that observed m other soldiers resident 
m this area for 22 months but who had had no malana It is apparent that 
soldiers placed m groups II and Hi on the basis of poor physical condition would 
have the greatest weight loss The degree of debihty and the nutntional status 
paralleled the weight loss Of the fifty soldiers, four had palpable fivers and 
spleens, three others palpable spleens, and one other only a palpable fiver 
These organs extended one to two centimeters below the costal margin, and were 
slightly tender The splemc and hepatic enlargement showed no group pre- 
dommance Of the 14 patients with splemc pam, only 2 had palpable spleens 

LABORATORY DATA 

Hematologic Studies A transient anemia is descnbed as a not uncommon 
accompaniment of the acute malana attack, but does not usually persist in the 
mterval between attacks m the chrome recurrent form of the disease, when ade- 
quately treated (1, 2) A complete hematological study was made on each 
patient and the results which were essentially normal are shoivn m Tables 6 to 
13 mclusive All determinations were done on oxalated venous blood usin g the 
Wintrobe oxalate mixture (3) Blood smears were drawn with capiUaiy blood 
Only one soldier had anemia, the average red blood cell count being 5,080,000 
per emm and the hemoglobm averaging 15 8 grams per 100 ml (usmg the Fisher 
Mectro-Hemometer standardized so that 15 6 grams equals 100%) This one 
soldier had a mild normocytic, normochromic anemia which responded rapidly 
to a short course of iron therapy The average white blood cell count was nor- 
mal It can be seen from Table 10, that there was a moderate relative lympho- 
cytosis This lymphocytosis cannot be attnbuted directly to the malana, be- 
cause it was the common expenence m this hospital laboratory to find an mcrease 
m the lymphocyte count m apparently healthy mdividuals who had never had 
malana This has been reported elsewhere (4) as occurring m mdividuals resi- 
dent m the tropics Three patients showed an eosmopfiifia of from 12 to 20% 
In two of these mtestmal parasites were found m stool examinations, and the 
third who had been treated for hookworm one month previously, had nme nega- 
tive stool exammations at the time of the study AH were asymptomatic The 
sedimentation rate was determmed and corrected accordmg to the Wmtrobe 
techmque (3), m which the normal range is considered zero to ten milfimeters 
per hour All soldiers who had a sedimentation rate of over 12 were studied for 
a focus of infection by the urological, otolaryngological and dental consultants 
m an attempt to determme whether the elevation was due to the malana per se 
or to some other cause There were eight such cases Of these one had an ex- 
ternal otitis, another an infected tooth and the third hookworm infestation In 
this latter patient the sedimentation rate returned to normal after treatment 
In the remaining five no cause for the elevation of the sedimentation rates was 
found, and we were forced to the conclusion that either they belonged to the 
group of unexplamable elevations, or that the elevations were related to the 
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chrome malana It should be noted that five of these eight cases were m group 
I (those m good physical condition) 

The icterus mdex was determined by comparing the blood serum with a 
standard solution of potassium dichromate The normal range was considered 
to be four to mne umts The average icterus mdex was 5 7 and there was no mg- 
nifioant elevation m any instance 

Smee an mcrease of the fragflity of the red blood cells has been reported m 
uncompheated malana (6), we were interested m studying this factor m our 


TABLE 6 

Shoinng the average red blood cell count in each group, the range, and average for all 

fiftg paltents 


o&oxrr 


SJUIOE OT UC m OBt 

Group One (Good Phjaical) (Good Adjustment) 

Group Two (Poor Physical) (Good Adjustment) 

Group Three (Poor Physical) (Poor Adjusimont) 

Group Four (Good Phyrical) (Poor Adjustment) 

H 


Average 

6,030 000 



TABLE 7 


Shounng the average hemoglobin determination in each group, the range, and average for all 

fiftg patienle 


OIOVP 

ATEftAOa 

HZlCOOIQBDr 

aurox or 
HZMoaunof 

Group One (Good Physical) (Good Adjustment) 

Group Two (Poor Physical) (Good Adjustment) 

Group Threo (Poor Physical) (Poor Adjustment) 

Group Four (Good Physical) (Poor Adjustment) 

GremJ/I(h} wU 

16 6 

16 2 

16 7 

16 0 

GramflOO mt 

13 9 to 18 2 

14 6 to 18 2 

13 4 to 18 0 

14 4 to 18 6 

Average 

153 1 



patients The erythrocyte fragihty was tested by resistance to hypotonic salt 
solution according to the tedmiquo described by Wintrobe (3) By this method 
hemolysia normally begins at 0 46% to 0 30% NaCl, and is complete at 0^3% to 
0^0% NaCl The test was controlled m each instance with erythrocytes from 
different normal mdividuals who had never had malaria Although as shown m 
Table 13, hemolysis in these soldiers began In some instances at a higher concen- 
tration of NaC3 than Wintrobo’s normal, the fact that m each instance they 
corresponded so closely to the normal controls seemed more significant We 
behove that the difference betv, cen his results and ours was one of tedmiquo and 
that our lalues represented a normal fmgihtj m these patients Furthermore, 
other fragihty studies done m this hospital laboratory on 30 additional patients 
with recurrent benign tertian malana, showed normal fragility (0) 
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Serological Test for Syphilis It is a weU known fact, that false positive sero- 
logical tests for syphilis occur frequently in acute malana In the acute attack 


TABLE 8 

Showing the average hematocrit in each group, the range and the average in all fifty paiienla 


OEOOT 

AVERAGE 

HEUATOCRIT 

RANGE 

Group One (Good Physical) (Good Adjustment) 

Group Two (Poor Physical) (Good Adjustment) 

Group Three (Poor Physical) (Poor Adjustment) 

Group Pour (Good Physical) (Poor Adjustment) 

cc /lOO cc 

44 

45 

46 

43 

ce 1100 cc 

41 to 61 

36 to 50 

30 to 52 

44 to 62 

Average 

44 

1 



TABLE 9 


Showing the average white Hood cell count in each group, the range, and average for all 

fifty patients 


GROUP i 

AVERAGE 

WBC/cmt 

EANCE WBC/atU 

Group One (Good Physical) (Good Adjustment) 

6500 

3700 to 8900 

Group Two (Poor Physical (Good Adjustment) 

6000 

4000 to 8000 

Group Three (Poor Physical) (Poor Adjustment) 

6600 

3900 to 9600 

Group Four (Good Physical) (Poor Adjustment) 

5400 

1 

4200 to 10,000 

Average 

6200 



TABLE 10 


Showing the average percentage of the various white Hood cell forms found in each group, the 

range, and average for all fifty patients 


1 

GROUP 

% OF 
POLYS 

range 

% 1 

POLYS 

%OF 

lyuphs 

RANGE 

% 

LYMPHS 

% or 

UONQS 

RANGE 

% 

MONOS 

% OP 
EOSINES 

RANGE 

% 

EOSINS 

% OP 
HAS 

Group One (Good Phys ) 
(Good Adj ) 

49 

36-66 

65 

30-58 

3 

0-28 

4 



Group Two (Poor Phys ) 
(Good Adj ) 

66 - 

39-70 

41 

24-56 

0 6 

0-7 

3 



Group Three (Poor Phys ) 
(Poor Adj ) 

49 

36-68 

46 

26-61 

2 

0-4 

2 



Group Four (Good Phys ) 
(Poor Adj ) 

49 

27-68 

43 

28-52 

1 

0-6 

4 



Average 

60 


46 


1 6 


3 2 


0 3 


they have been reported in as high as 100% of the cases (7) Positive tests have 
been knoivn to persist for as long as 3 months and rarely 6 months after the 
termination of the acute attack (8) However, most tests are said to be negative 
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four weeks after the mibsidenee of fever (9) The highfest percentage of positives 
IS said to occur 16 to 21 days after the onset of -the febrile penod (2), (9) In this 
hospital there were 141 or 16 6% positive Kahn teste out of a senes of 900 oases 


TABLE 11 

Shomng Oie arcragc tedtmcnlalion rate in each group, the range, and acerage for all 
fijly palxenie 


OtOUT 

} ATrSAOZ StD ^ 

xAiraE 


mm^kr 


Group Ono (Good Physical) (Good Adjuatment) 

13 

6to24 

Group Two (Poor Phyaical) (Good Adjuatment) 

10 

5 to 23 

Group Three (Poor Physical) (Poor Adjustment) 

s 

3 to 10 

Group Four (Good Physical) (Poor Adjustment) 

12 

6to36 

Average 

10 

1 

TABLE 12 



jSAotrtn^ (he average xeierus xndex tn each group, the range, and the average tn all 

fijtg poiisnta 

« 


C»OOT 

AVXSACX 

icixsia aartx 


Group One (Good Physical) (Good Adjustment) 

6 2 


Group Two (Poor Physical) (Good Adjustment) 

6 8 

eto 8 

Group Three (Poor Phymoal) (Poor Adjustment) 1 

8 3 

4 to 8 

Group Four (Good Physicsl) (Poor Adjustment) 

5 7 

6 to 13 

Average 

6 7 



TABLE 18 

Shovnng the average red hlood cell fragxlxtg, the range tn each group, and the average in 
oli fifty palienl* 
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Group Ono (Good Physical) (Good Adjustment) j 

Group Two (Poor Physicsl) (Good Adjustment) 

Group Throe (Poor Physical) (Poor Adjustment) 

Group Four (Good Phi-sical) (Poor Adjustment) 

0 48—0 34 

0 47—0 33 

0 45—0 33 

0 48-0 34 

0 51—0 30 

0 M— 0 30 

0 67—0 30 

0 67—0 SO 

^ Average 

0 47—0 33 

J 


of benign tertian malaria Eagle ot al, usmg the spirochaetal complement- 
fixation test, report a high degree of false positive reactions (10) A standard 
scrum Kahn test (11) was done mth antigen supphcd by the Army Medical 
School on each patient The teste were all negative. 
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Stool Examvruxiions At least three stool exammations were performed on each 
patient for ova and parasites, usmg the zmc sulfate centrifugal flotation tech- 
mque (11) This was done in order to rule out intestinal parasites ^ a con- 
comitant cause of debihty Only three of the fifty patients were found to have 
mtestmal parasites In two of these Necator Amencanus, and m the third 
Tnchuns tnchiura were identified These three patients were asymptomatic 
Renal Studies Renal damage due to malana has been reported as far back 
as 1897 by Manson (1) Its occurrence has been most often noted m chrome 
recumng, inadequately treated malana, prmcipally of the quartan type, but also 
m falciparum and tertian infections (12-15) The frequency of albummuna 
without other objective evidence of renal damage, m both acute and chrome 
malana, has been noted (16) Vanous pathological lesions, from cloudy swelhng 
to those commonly associated with glomerular nephntis or nephrosis, have been 
desenbed (1, 14, 15) It has been reported that quinme is not contramdicated m 
malanal nephntis, and may be particularly beneficial (14, 15, 17) Because of 


TABLE 14 

Showing the average specific gravity and the range for each group achieved at the completion of 
,, the Urine Concentration Test 


GROUP 

average spe- 
cmc cRAViTy 

RANGE 

Group One (Good Physical) (Good Adjustment) 


1 022 to 1 030 

Group Two (Poor Physical) (Good Adjustment) 


1 021 to 1 035 

Group Three (Poor Physical) (Poor Adjustment) 

1 024 

1 020 to 1 026 

Group Four (Good Physical) (Poor Adjustment) 

! 1 024 

1 020 to 1 030 

Average 

1 025 



these reports the foUowmg studies were done In each instance two complete 
unne exammations mcludmg microscopic study of centnfuged sediment were 
performed These were normal m every case Urme concentration tests were 
done as follows Fluid at the 4 30 P M evemng meal was limited to 200 cc , and 
no fimd or food was permitted thereafter untd the completion of the test The 
patient was made to void at 10 P M , and this specimen was discarded Subse- 
quent specimens of urme were collected at 8, 9, and 10 A M the foUovmg mom- 
mg, and the specific gravity of each specimen determined The results are noted 
m Table 14 The average concentration reached was a specific gravity of 1 025, 
which IS normal accordmg to the standard of Fishberg (18) A two hour phenol- 
sulphonthalem urmary excretion test was performed Specimens were collected 
at 15 mmutes, one-half hour, and two hours after the mjection of the dye Flmds 
were forced to mamtam an adequate urme output A normal 15 mmute excre- 
tion was obtamed m aU but three of the patients These excreted only seventeen 
per cent m the first fifteen mmutes as compared with the so-called minimal 
normal of 25% In aU the patients the 30 mmute and total excretions of the 
dye were normal (Table 15) 
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The resiilts of these renfll studies led us to beheve the malaria had produced no 
kidney damage or impairment of function in these fifty patients 

Ltver Fundton Tests Enlargement of the hver is a frequent findmg m acute 

malaria Impairment of hver function m therapeutic malana ivith F wroihas 

been reported to persist up to 3 to 6 weeks following termination of the infection 
(19, 20) Evidence of hver damage has also been reported m naturally occurring 
acute bemgn tertian and falciparum mfeotions (21, 22) The reversibihty of 
these changes, following treatment, has been emphasized by Manson (1) In 
chrome untreated malana it is well known that permanent liver damage occurs, 
tending to progress to cirrhosis (1, 23) As a result of the frequency with which 
wo observed hver enlargement m acute malana, and the imphcations of these 
reports, and the reported suspected impairment of hver function due to atabnne 
administration over a prolonged penod (2), hver function was studied The 
limited sigmficance of anyoneormorehverfunctiontestsisrecogniied Because 
of the scarcity of matenals it was necessary to confine ourselves to the use of the 

TABLE Ifi 


Showing iht opcraje two hour excrolton o/ phenoUulphonjjKUiaUin tn each ffroup, the ranye, 
and the average excretion for all 60 patiente 


1 

<noor 

1 

Arxajk/a Mr 
% 3 HI xxou 
now 

HAHOX % 

Group Ono (Good Physical) (Good Adjualment) 

62 

46 to 76 

Group Two (poor Phygical (Good AdjuBteaeoi) 

63 

66 to 71 

Group Three (Poor Physicel) (Poor Adjustment) 

66 

46 to 77 

Group Four (Good Phyjioal) (Poor Adjustment) 

62 

65 to 73 

Avorage 

61% 



bromsulphalem dye excretion test (2 mgm per kilogram of body weight) m forty 
of the patients, and the mtravenous hippunc acid test (1 77 gm, sodium benioate) 
m the remaining ten cases In addition the total serum protems with protem 
partition and the icterus index were determmed The bromsulphalem and 
hippuric acid tests were normal m every instance. The total serum protem 
determinations and the albumm and globuhn ratios were normal throughout as 
shown m Table 10 The icterus mdex has already been descnbed as normal 
Ia\ er function, therefore, as evaluated by the methods employed, was normal m 
all patients 

The Basal Metabolic Bale Two or more basal metabolic rate detenmnations 
were done on each individual, and the average for each group is shown m Table 
17 Tlio aicrago for the fiftj patients was mmus 7 9 per cent of normal. It 
can bo seen tliat the great majonty of patients had a basal motabohc rate in the 
range of nunus twenty to plus five per cent of normal The basal metabolism of 
normal white persons m tropical climates is said to bo reduced (24 25) The 
nxpcncnce at this hospital, (Hospital X, table 17), and that of another general 
hospital here, (Hospital Y) (20), cmplojnng a different tjqie of a machine, tend to 
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substantiate this fact A communication from another hospital (Hospital Z) 
(27), confirms this tendency to a lowered basal metabolism Table 17 shows the 
close correlation between 180 basal metabohc rate determmations done on normal 
white mdividuals resident m the tropics, and the rates found m our fifty malarial 
patients 

The Adrenal Glands D^enerative lesions m tbe adrenal glands associated 
with muscular weakness, asthema, pigmentation and hypotension have been de- 
scnbed as occurrmg m chrome infections due to P falciparum, as well as to P 
mvax (1), (2), (28), (29) It therefore seemed worthwhile to mvestigate adrenal 
cortical function m these patients, particularly smee asthema was such a common 
and promment symptom Although none of the subjects presented chmeal 

TABLE 16 


Shovnng the serum proteins and the serum albumin and globulin values determined in 

60 malarial patients 


GJLOUP 

! 

total 

PBOTEINS 

aANGE 

ALBTIMIN 

SAKGE 

GLOBULQf 

EANCE 


ims /JOO 

tms /lOO 

sms / 100 

sms /lOO 

sms /lOO 

sms /lOO 


cc 

CC 

CC 

CC 

CC 

CC 

Group One (Good Phys ) (Good 
Adj ) 

Group Two (Poor Phys ) (Good 

7 8 

7 2 to 8 3 

4 0 

3 1 to 4 9 
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Serum Protein determination by Andersch and Gibson’s modification of method of 
Wu and Ling (11) 


evidence of Addison’s Disease the possibihty of a subchmeal adrenal cortical m- 
sufllciency was stiU pressent It has been suggested that some patients suffenng 
from asthema and exhaustion may temporanly show signs of adrenal cortical 
msufllciency (30) The tests chosen for our investigation were the Kepler-Power 
water test, (31), a three day salt deprivation test, and an mtravenous glucose 
tolerance test 

The Kepler-Power water test is based on the observation that foUowmg the 
rapid mtake of a considerable quantity of water, patients havmg Addison’s 
disease usually do not expenence a normal diuresis The techmque used was 
that desenbed bj’’ Robinson, Power and Kepler, Procedure 1, (31) Forty-six 
of the fifty malanal subjects had a negative test The test was positive m 4 
cases, even when repeated However, these mdmduals showed no other cluneal 
or laboratory endence of Addison’s disease 

When this study was begun, the details of the exact routme of the Cutler- 
Power-Wilder Chlonde Ebccretion Test for adrenal cortical insufficiency were 
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not available (32) Our patients were placed on a salt deprivation diet for 3 
days This diet contained 0 93 gm of olilonde ion, 0 69 gm of sodium ion, and 
4 2 gm of potassium No additional potassium was given and flmds were allowed 
ad Ub Blood pressure detemunations wore made each mommg under basal 
conditions and the patients were then weighed On the first mommg of the test, 
blood samples were taken for detemunation of hematocrit and serum chloride, 
sodium and potassium On the Inst morning of the test, these blood determina- 
tions were repeated Unne was collected from 8 A31 to 12 noon of the third 

TABLE 17 < 


Showing Ihebasal melabohc rate detemtnaiiom madevponfifty paitenlf mth recurrent malarta 
and upon one hundred and affhty eubjecie reetdeni tn a tropneal climate 
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day, and the concentration of chlondo eNcroted during this test penod deter- 
mined Particular attention throughout the test was given to the obsen nbon 
of signs and symptoms suggesting adrenal cortical insufiRoiency None of these 
developed The asthema persistently present to a variable degree in most of 
the patients was not in any instance accentuated Table IS summanies the 
laboratory data m the 60 malarial patients and in 34 normal controls This 
group of controls was thought necessary because the test used differed from the 
standard Pon or Wilder Test It can be seen that the mean v aluo for the unnary 
chlonde concentration durmg the 4 hour test penod was within the so-called 
normal limits of the Cutler test, below 225 mgm %, both in the patients and the 
controls The high values of unnary chlonde concentration m some of the 
patiente which resulted m such a wide range were acoompamed by a low unnary 






































TABLE 18 

Showing the results of the 3 Day Salt Deprivation Test on the SO malarial patients and 34 normal controls 


34 


P A TOMIJI/rY, B NICHOLS, M L SINGEWALD AND T LIDZ 




INVESnOATION OF EFFECTS OF RBCUBRENT UALARIA 


36 




36 


P A TUMULTY, E NICHOLS, M L SmOBWALD AND T LIDZ 


volume Consequently, the total chlonde lost was not great It should be 
noted agam that our patients were on a free flmd intake m contrast to the forced 
fluid regime of the Cutler Test Under such circumstances, some normal indi- 
viduals takmg less flmds than others would be expected to excrete a more concen- 
trated unne Ten of the 50 malarial patients and 8 of the control group had high 
unnary chlonde concentrations Therefore, m these eighteen subjects, no defi- 
mte concludions could be reached regardmg the significance of high unnary 
chlonde concentration as a reflection of border-hne adrenal cortical msuflficiency 
The four patients mentioned above, who showed a positive result in the Kepler- 
Power water test had a normal unnary chlonde excretion It should be empha- 



Chaht 2 Ghaphic Repbesentation of the Results of Intravenous Glucose 
Tolerance Tests Done on 50 Subjects ■with Chronic Recuhhent, But 
Treated, Benign Tertian Malaria 


sized that the changes in blood pressure, the degree of hemoconcentration, the 
loss of body weight and general systemic reaction dunng the test, did not suggest 
adrenal cortical insufficiency m any of the 84 subjects studied Furthermore, 
"the serum sodium potassium and sodium chlonde detemnnations made on the first 
and third test days, were well withm normal limits 
An mtravenous glucose tolerance test was done on each of the malanal patients 
A fastmg blood sugar was obtamed, usmg venous blood, and then 0 6 gram of 
glucose per kilogram of body weight, m a 20% solution of distilled water, was 
given over a penod of 30 mmu'tes Immediately at the end of the mfusion, and 
at one half, one, two, and three hours, samples of venous blood were taken for 
blood sugar determmations Chart 2 shows a normal tolerance curve m every 
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instance None of the patients showed evidence of a hypoglycemic reaction, 
nhich IS one mamfestation of adrenal insiifficiency 
These tests indicated that the varying degrees of asthenia manifested by those 
patients ivoro not related to adrenal cortical insufficiency 

Ophlhalmological Exammabon The fifty patients were gn en an eye exnnuna- 
tion by the Chief of the Ophthalmological Semce of this hospital This evamina 
tion consisted of visual acuity determmation, refraction under homatropme 
where necessary, external axamination, fundus examination under full dilatation, 
and visual field test, both central and peripheral, on the Ferree-Band sunplified 
perimeter 

In forty of the fifty patients tlie eyes were normal Five were normal except 
for a refractive error, ahich was property corrected by their present glasses 
Three patients showed poor convergence with a NJ* C of 10 cm in two cases, 
and 10 cm m the third This might conceivably bo the result of general debihty, 
but this percentage of poor convergence (6%), does not exceed the 7 7% found in 
tho outpatient records of soldiers uho have been stationed m the tropics for long 
periods, and cannot be said to be the result of their repeated attacks of malana 
One patient shoned an amblyopia ex anopsia which had been present all bis life 
The remaimng patient showed a slight conccntnc constncbon (6-10°) of the 
nght ponpheral field The left ponpheml field and the central fields of both eyes 
were entirely normal, as were visual aciuty and fundus examination of both eyes 
No cause for this constnction w as found In smnmnrj , not one of the 50 malarial 
patients showed any eye findings definitely attributable to tho malana This is 
m accord with a survey conducted on the eyes of over tno hundred soldiers 
examined dunng an acute attack of benign tertian malana in this General Hos- 
pital Tills has been reported to tho Surgeon General’s Office 

Boibman, in a special article on the eye comphcations in malana m tho Year 
Book of Eje, Ear, Noso and Throat, 1043, noted that tertian and quartan forms 
may mxolve the cornea (herpetic keratitis), while tho aestivo-autumnal form 
may involve choroid, retina, optic nerve, and cornea to cause almost every eye 
condition possible None of these lesions wore found m this senes of cases, 
which however, were all treated benign tertian malana 

Cardio vascular Studies VaoTiig degrees and types of pathological alteration 
have been noted in the heart accompanying severe fulmmating and chromcally 
untreated malana (1, 34) In some instances these changes are reflected in tho 
electrocardiogram. Manson has suggested that mdividuols with \ alvular disease 
of tho heart, whether compensated or not, should be considered unsuitable for 
residence m malarial countnos Although all of our patients presented an en 
tircly nomial chmeal cardiac picture, an electrocardiogram and tdeoroentgeno 
gram of the dicst w as done in each case, in tho chance they might reveal abnor 
mahtics othermso inapparont 

Teleorocntgenotprams Tdeoroentgenograms 6f tlie chest showed the heart and 
lungs to be normal m all of the subjects, 

ElectrocardiOfframs In takmg the dcctrocardiogrnms, a General Electno 
Portable Ivlachmo was used Good standardization and constant tuning was 
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maintained The three standard leads and a smgle chest lead, 4F, were taken 
on each patient in the prone position All of the fifty tracmgs were within normal 
limits A short discussion of some of the normal vanations and Table 19, show- 
ing some of the routme measurements, have been mcluded No gross abnonnah- 
ties in rate or rhythm were encountered A “P” wave voltage of less than 0 7 
mm has been descnbed as suggestmg a state of “poor nutntion” of the auncles 
This occurred m either or both of leads 1 and 3 m 80% of the subjects, but m only 
10% m lead 2 There was no reason to suspect “poor nutntion” of the auncles 
m these cases It was considered a variation withm normal limits One subject 
had a notched “P” wave m lead 2, and three had mverted “P” waves m lead 3 
Neither this vanation nor others mentioned were found m the few mdividuals 
receivmg suppressive daily doses of 0 3 to 0 6 gm of q uinin e The P-K mterval 
was mthm normal limits m every case An insignificantly small “Q” wave (less 
than 25% of the major deflection m lead 3, less than 20% m lead 2, and less then 
15% m lead 1) was present m 38% of the cases Twenty per cent of the subjects 
had such insignificant “Q” waves in both leads 2 and 3, 8% in lead 1, 4% m lead 
2 alone, and 6% m lead 3 alone No “Q” waves were noted m lead 4F m any of 
the subjects The “QRS” complexes were normal m axis, voltage and contour 
One subject had left axis deviation, without any other abnoimahties m the trac- 
mg, cardiac enlargement, unusual position of the heart or elevation m blood 
pressme The duration of the “QRS” complex was within normal hmits in all 
subjects The “T” waves were not remarkable In lead 3 it was biphasic m 
8%, isoelectnc m 4%, and mverted m 4% Elsewhere it was upnght and of 
normal amphtude Lead 4F in no case was remarkable 

FATIGUE STUDIES 

Two of the most obvious manifestations of chrome malana m these soldiers 
were weakness and easy fatiguabihty It therefore seemed desirable to measure 
these factors m an objective way, if possible The complex nature of fatigue and 
the marked difficulties m its measurements were quite apparent, and have been 
reported m the hterature m detail (35) Fatigue may have a physiological, chemi- 
cal, or psychological origm, and may manifest itself in several ways, among these 
bemg muscular weakness, lack of energy, nervous tension, and mental apathy 
The ongins and the manifestations of fatigue are so closely mterrelated that it is 
impossible to divorce one from the other There are many different ways of 
measunng these manifestations, such as standard exercise tests, ergometer 
readmgs, utfiization of oxygen under controlled exercise, kymograms, mental 
concentration tests, and so forth Each of these measures only an isolated phase 
of fatigue, and hence none of them give a complete evaluation of the fatigue 

In our patients some of the components of fatigue were manifested by com- 
plamts of exertional d 3 ^nea, tachycardia and palpitations under varymg degrees 
of physical and mental stress, and by a subjective sense of weakness We there- 
fore selected as a simple and objective way of measunng and comparmg these 
manifestations, a standardized running m place test and determination of the 
Schneider Index In these tests the cardiovascular response to a fixed effort is 



EUd.rocardxogro'p^t^ Findings 


INVESTIGATION OF EFFECTS OF BECTJERENT MALAEIA 


39 



S 

^ S E 

fe ““ i 
§2 f 


V— voltage in leads I, II, III 

* — Insignificant Q waves wore noted in leads I, II, III (seo discussion) 
Cont — contonr 

Dur sec — duration In seconds 
























































































40 


P A TUMULTY, E NICHOLS, M L SINGEWALD AND T LIDZ 


used as a measurement of body economy In addition, the question of apathy as 
a manifestation of psychological fatigue was mvestigated by the psychiatrist usmg 
the Rorschach Test 

One hundred soldiers from our hospital detachment, who had never had 
malaria, were used as controls Their average age was 26 7 years, which is com- 
parable to the age of the patients studied In order to brmg out what part, if 
any, chrome malana alone played m the development of these manifestations of 
fatigue, the control subjects were selected so that the effects of long stay in the 
tropics, maladjustment, and good or poor physical condition nught be evaluated 
as well as possible It was apparent that the stresses and strains inherent in 
the hfe of a combat soldier, to which the malanal patients had been exposed 9 
months to a year pnor to the study, presented a fatigue factor that could not be 
controlled Unfortunately, an adequate supply of combat soldiers who had not 
had malana was not available, and the controls used were selected from our 
hospital detachment The one hundred controls were chosen as follows 

Group (A) — Thirty-eight soldiers who were in good physical condition, and 
well adjusted, who had been overseas m the South Pacific Area 22 months 
Group (B) — Thirty-seven soldiers m good physical condition, well adjusted, 
who had only been overseas m this area for approximately two months 
Group (C ) — ^Fifteen soldiers m good physical condition, poorly adjusted, who 
had been overseas m this area 22 months 
Group (D ) — Ten soldiers in poor physical condition and poorly adjusted, 
who had been overseas m this area 22 months 
These same groups of controls were employed m the other fatigue studies, with 
the exception of the Rorschach Test 

That particular phase of the labdity of the autonomic nervous system, which is 
measured by the Hmes Cold Pressor Test (36), was studied 

Running In Place Test This test was performed by havmg the soldier, clad 
m pajamas and Army shoes, run m place for one mmute, at the approximate rate 
of 170 steps per mmute Dunng the runmng period each soldier was coached to 
raise his knees to at least the level of the nudthigh to assure as much uniformity 
as possible Before the test was begun, pulse, blood pressure and respirations 
were taken mth the patients seated, and these determinations were then re- 
peated, also with the patients seated, immediately at the conclusion of the run- 
mng, and at penods of 1^, 3, 5, and 10 mmutes afterwards T imm g was done 
with a stop watch This test was done daily on each soldier for three successive 
days The same test was done three times on the one hundred controls When 
the three runmng tests had been completed on each mdividual, the figures ob- 
tamed were graphed on a standard form which showed the relationships of the 
component parts of the test By use of these graphs, correlation of the successive 
tests done on an individual, as well as comparison with any other mdmdual, was 
possible It was found iRat tlie similanty m both pattern and degree of 
response from test to test justified the detenmnation of a mean value for each 
component in the three successive tests, and it was this mean which was used as 
a comparison between mdividual responses In order to compare the group 
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differences, the individual means were then plotted on a master chart and the 
average for each group determmed, and the pattern of response represented 
graphically It can be seen from Chart 3 how very sunilar m both d^roo and 
pattern were the means for the four groups of malarial patients The results of 
the controls were treated similarly, and the means are shown m Chart 4 The 
response to the test in the four groups of controls was qmte uniform The small 
dote in both charts represent the mdividual means, and it can be seen that there 
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is a broad spread which is just as marked in the controls as m the malarial pa- 
tients However, the averages of the groups are remarkably similar The final 
average of all of the patients and the final average of all the controls are compared 
m Chart 5 It is apparent that there is a small but constant elevation of the 
a\ erago pulse and respiratory rates in the malanal patients as compared with the 
controls Although this difference is ahght, its constancy, considcnng 150 de- 
terminations among the malanal patients and 300 among the controls, seems 
Bigmfieant, and mdicates a defimte manifestation of fatigue m the components 
measured by this test Although there is a noticeable difference between the 
average response of the malaria and control subjects there is no consistent sig- 
mficant difference wiUun these two catcgoncs, that can be conrolatcd with length 
of stay m the tropics and type of adjustment, and general physical condition 
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There was no appreciable difference between the blood pressure determinations 
of the malanal patients and the controls 
Schneider Index The Schneider Index Test, which was employed at one time 
in aviation medicme to evaluate fatigue m terms of vasomotor mstabihty m 
pilots, was used by us to measure that manifestation of fatigue (37) This test 
measures the cardiovascular response to change m posture and to a minimal 
standardized effort, and is scored on a pomt system dependent upon the changes 
m pulse and blood pressure The maximum score attamable is plus 18 ffhe 
Schneider Index was recently used by Chnton and Thom (38) m a study of 21 
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airhne pilots who were found to have mdices rangmg from 17 to 6 with a mean of 
12 The test was done according to the method outhned by Armstrong (39) 
At least three tests were done on each mdividual on three successive days In 
certain instances the results obtamed from day to day showed considerable dis- 
parity, and in these the test was repeated until comparable figures were obtained 
The Schneider Index was always determined before any other fatigue tests were 
attempted The results m the fifty patients and the one hundred controls are 
shown m Table 20 The malanal patients had an average mdex of 7 8 while that 
of the controls was 9 8 The range withm these two mam categones was wide, 
and there was considerable overlappmg between them Schneider suggested 
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that a consistent mdex of 9 or bdow represented a sufficient degree of fatigue to 
warrant attention. Among the midarial pabente, general phymoal condibon 
and tjTie of adinstment did not have a s^nificant effect on the Index Length of 
Btay in the tropics had no demonstrable effect on the index m the control group 
Among the controls, those individuals in good physical condibon and well ad- 
justed had a slightly higher inde.x 10 6, in contrast to the overage mdex of 7 8 
for the malanol patients The great range of performance did not justify the 
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selection of any arbitrary figure below which a significant degree of fabguo could 
be expected 

Poslural Hypolenstem Because of the frequent complaint in chrome Tnnlnnqj 
pabents of dizaness and momentary “blackouts” when assummg the erect pos- 
ture, each soldier was studied for endcnce of jjostural hypotension by means of 
the tfit table A seatlcss table was so constructed that a subject could bo m- 
gtantaneouslj swung from the horizontal to the vortical position. The onlj 
Bupjiort was a large ample foot rest. At the end of a fi\ e mmuto resting penod 
pulse and blood pressure were taken, and the table was swung from the honzontal 
to the verbeal, and pulse and blood pressure readings were taken immediately, 
and at inteivals of IJ, 3, 6, and lO minutes thereafter Timing was done with a 
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stop watch Three such tests were done on each malarial and control subject on 
successive days Agam the results were graphed on a standard chart, and the 
mean of all three tests determined for each mdividual As m the runnmg m 
place test, the similanty of pattern m each subject, as well as the degree of re- 
sponse, was found to justify the determination of such a mean These mean 
values were graphed on master charts (Charts 6 and 7) for both the malanal 
patients and the controls Here, as in the runnmg in place test, there was a 
broad scattenng of the mean mdividual responses throughout all the groups, m 
both the malanal and control subjects, as represented by the black dots How- 
ever, it can be seen from Chart 6 how very similar both in degree and pattern 
were the average responses of the four groups of malanal subjects Chart 7 
shows the same relationship between the averages of the control groups Fmally, 

TABLE 20 


Showing the average and range of three or more determinations of the Schneider Index in fifty 
chrome malarial patients and one hundred controls 
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comparison between the average response for all the malanal subjects with that 
of the average for all of the controls (Chart 8) discloses m the malanal subjects a 
shght but defimte tendency for the systohc blood pressure to fall to a greater 
degree durmg the early mmutes of the test, and httle tendency for the diastohc 
pressure to nse as an immediate response to tiltmg 

Nmeteen, or 38%, of the malanal patients showed varymg tendencies toward 
postural hypotension m this tilt table test, as mdicated by signs and sjonptoms, 
and these patients were evenly distnbuted among the four groups First noted 
symptoms w^ere a tendency to sighmg respirations, yawnmg, restlessness and 
nausea, followed by excessive sweatmg and the complamts of dizzmess and weak- 
ness The average response pattern of these nmeteen patients is shown m 
Chart 8 It can be seen that the tendencies m the response of the malanal 
patients which distmgmshed them from the controls, are to a shght degree more 
exaggerated among these patients with manifestations of postural hypotension. 
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Chart 0 Postural Mttotension Stdcies— Patients 
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Twenty of the fifty subjects studied gave a histoiy of ‘Iblackouts” at some time 
or other, and 13 of these are included among this group of 19 showmg mdications 
of postural hypotension by this test Tu^elve of the twenty had complamed occa- 
sionally of chz 2 aness and “blackouts” pnor to the onset of malana Among the 
controls, only 2 of the 100 subjects showed evidences of postural hypotension m 
this tilt table test 

Hxnes Cold Pressor Test The Cold pressor test descnbed by Hmes (36), was 
performed on the fifty malanal patients and eighty three of the normal controls 


flllftT 4TAT 3HtH 9 MIM tflMlM 



Table 21 shows the results of the smgle test It can be seen that there is a 
shghtly higher percentage of hyper-reactors among the malanal patients as 
compared with the controls, but it does not appear to be a sigmficant difference 
Correlation of Data The general differences between the malanal patients and 
the controls m the performance of these tests have already been descnbed, and 
are apparent m the tables and charts It can be said that the performance m 
these tests of soldiers with recurrent malana was, on the whole, not as good as the 
performance of soldiers who had not had recurrent malana Adjustment and 
length of stay in the tropics did not seem per se to have any appreciable effect 
on these particular tests, vuthin either the malanal or control groups The con- 
sistent differences noted between the average response of all the malanal patients 
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compared ivith the av erage of all the control subjects must then be related to 
what differences existed between these two mam categones Recurrent attacks 
of malana seemed to be the most striking factor, but m addition, the fact that 
these mdividuals had undergone the wear and tear of combat with all its attend- 
ant physical and psychological stresses and strains cannot be underestunated, and 
the relatii e degree that both chrome malana and these other factors contnbuted 
toward the total result is chiefly a matter of speculation. That no greater differ- 
ence appeared between those m good physical condition and those m poor physical 
condition among the two mam categones is probably due to the inherent limita- 
tions of the fatigue tests themselves 

To show m what features, if any, the responses to the Schneider, Hines, run- 
ning m place and the postural hypotension tests might be related, further correla- 
tion was attempted This analy^s included a detailed comparison of all the 
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components of these tests From the analysis it was found that there was no 
correlation between the reaction m the Hmes test and a tendency to excessive 
systohe elevation of the blood pressure after running m place, nor was there any 
relationship between the hyper and hyporcactors m the Hmes test with the high 
or low Schneider indices. As one might expect from the nature of the Schneider 
test, those individuals m all groups who had higher Schneider mdices showed less 
tendency to develop a marked morease m the pulse rate as well as an abnormal 
fall of the systohe pressure upon immediate tilting Although the controls as a 
group showed a greater tendency to an elevation of the dinstohc pressure ns an 
immediate response to tiltmg (Chart 7), there was no relationship betneen this 
and a high or low Schneider Index In comparmg the level of the Schneider 
Index and the degree of eloiation of the systolic pressure after runnmg, there was 
no significant correlation The rate at wluch the pulse returned to normal after 
runmng was generally directly related to the level of the Schneider Index, except 
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in Group III of the malarial patients, the group in poor physical condition and 
poorly adjusted In this group there was a dispanty between the rate at which 
the pulse returned to normal after running and the level of the Schneider Index, 
the converse of the tendency noted above in the other groups There was no 
apparent explanation for this 


THE ROR8GHAOH TEST 

The Rorschach Test is a means of gaimng information concermng personahty 
structure which has been found to possess unusual ment The subject is asked 
to tell what he sees m each of ten standardized ink-blots The rationale of the 
techmque hes m the projection of interpretations mto a meamngless blot, and it 
has been demonstrated that the responses are dependent upon personahty struc- 
ture The performance is analyzed in a number of ways, by portions of the blot 
utihzed, the detenmnants of responses, the vane ties of movement, shading, color, 
and the accuracy of form, the content accordmg to the general categones of 
' thmgs seen, and whether commonplace or ongmal The analysis of the per- 
sonahty IS made by a correlation of a number of factors The utihzation of the 
procedure is comphcated and requires considerable speciahzed training 

The test was given to 46 of the 60 malanal subjects to determme whether their 
neurasthemc condition would be reflected m the test, and whether differences 
existed between the four groups mto which the subjects were divided, accordmg 
to physical condition and adjustment As the test was utihzed for a companson 
of groups, rather than for the study of mdividual personahty structure, it was 
essential that a completely uniform techmque be used with each subject The 
directions given the patient were limited to those recommended by Klopfer and 
Kelly (40), m which emphasis is placed upon the mitiative and spontaneity of the 
subject m reactmg to a strange task No promptmg or uigmg is permitted after 
the ongmal directions are given 

The results of the 46 tests were very surpnsmg because of the paucity of re- 
sponses and the quahtatively poor performances as a whole For the most part, 
good performances were found only among the more intelhgent subjects The 
results, when contrasted with standards usually accepted as normal, were so 
poor that it did not seem hkely that the cause could he in the neurasthemc condi- 
tion of the patients alone Two control groups were established The first 
group consisted of 50 subjects who had served overseas m the tropics approxi- 
mately the same length of time as the malanal patients but had never suffered 
from malana, the second group consisted of 50 soldiers recently amved m the 
tropics, to control the possibihty that prolonged sojourn m the tropics influenced 
the results of the testing There was no appreciable difference between the 
results obtained m the two contiol senes, and the groups were combmed As 
inteUigence level was an important factor m the performance of the malanal 
senes, the control groups were selected to approximate closely the distnbution 
of mtelhgence in the malanal senes Both malanal senes and controls approxi- 
mated the general white population of the army m mtellectual resources The 
control group was slightly infenor m mtelhgence ratmgs, a difference which 
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would lead to an expectation of slightly poorer performance on the Rorschacti 
Subjects ivith an mtelhgence quotient of over 110 (Binet Mental age of 14 years 
eqmvalent to 100, and to Army aasaficabon Ratmg of 100) were considered 
supenor, those between 90 and 110 as arerago, and those below 90 as infenor 
The general distribution of intelligence Joels is shown m Table 22 
The control senes also yielded results that were poorer in quantity and quahty 
than antiapated In a further control studj which is not of sigmficance to this 
paper, it w as shown that the reason lay m the ngid technique utilised The direc- 
tions permitted by the method outhned by Klopfer and Kelly (40) require too 
much mitiativo, particularly for persons ivith average mtelhgence or less, at 
least m an army settmg However, the techmque was utilized in both controls 
and malanal senes m this study, the same conditions apply to both senes, and 
there were very striking differences in performance of the malarial patients as 
contrasted with the controls It is even possible that the technique which 
demanded imtiative and spontaneity was more conducive to uncovenng defi- 
oienaea m these spheres, than a technique which permitted fuller instruction and 
encouragement 


TABLE 22 

Shomns the dutribution of inteUtgmce %n Ihe 46 malanal palienli and lAi 100 control* 



rOTSUOK 

Anuuox 

DtTXUtt 


ptfctni 


t4rtfni 

Malanal aubjeota 

32 0 

45 6 

21 7 

Controls 

82 0 

38 0 

30 0 


The results of the test were broken down mto the various conventional scoring 
categories and configurations and the results for each of the four groups of 
malanal subjects, the entire malanal senes, and the 100 controls were compared 
However, for simphfication, only the data which seem particularly pertment to 
this study will be presented hero Table 23 presents the means for each of the 
groups, for the composite malanal series, and for the control senes Table 24 
contrasts the results of the malanal and control senes as broken down according 
to mtelhgence levels It will be noted that the differences between the malanal 
and control subjeote with supenor mtelhgence are extremelj marked 
Both tables show the paucity of responses given by the malanal subjects It is 
most marked m the supenor group, whore 73% ga\ o fewer than 12 responses m 
contrast to 28% of the controls This is considered an mdicatipn that less effort 
and energj were exjiended, for although a largo number of responses to the tea 
cards is not essential to a good jjerformanco, fwisons of supenor intelligence are 
expected to gii o more than 12 responses An unusually high proportion of the 
responses utilized the whole blot (‘'Whole Response”), rather than portions of 
the blot If such rcsjKmses are duo to the synthesis of parts into a well organized 
whole they indicate good constructs o intelligence, but here a very high propor- 
tion w ere simple and rather obvious responses, lacking quahty The high proper- 
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tion of such “cheap whole responses” such as “bats,” “msignia,” “maps” etc , 
mdicates that the subjects resorted to simple responses rather than exert them- 
selves to form answers of good quahty This sort of performance is considered 
mdicative of neurasthemc trends when foimd m persons of high mteUigence 
The perception of human movement in the blots is related to the responsiveness 
to stimuh ansmg from vuthin the mdividual, and has been correlated with mitia- 
tive and utihzation of one’s resources Such responses are not expected of per- 
sons of low mteUigence, but persons of supenor mtelhgence usuaUy give several 
Only 7% of the supenor malanal subjects gave more than two movement re- 
sponses whereas 38% of the supenor controls gave more than two Perception 
of an i m al movement mdicates responsiveness to inner stimuh at a less mature 
and more mstmctual level There was lower performance at aU three mtel- 

TABLE 23 


Showing an analysts of pertinent data obtained by the Rorschach Test, on JfS patients with 
chronic recurrent benign tertian malaria, and 100 control subjects 
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Sum of Color Responses 

Percentage of Total Responses ehcited by 

1 0 

1 2 

0 8 

1 4 

1 1 

1 6 

Cards 8, 9, 10 

31% 

31% 

26% 

25% 

28% 
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Mean Time for Responses in Seconds 

48 

46 

75 

69 

51 

52 

Average number of Cards rejected per patient 

1 3 

1 3 

2 1 

1 6 

1 6 

1 1 


lectual levels The results suggest that the malanal senes was less responsive 
to inner promptmgs and showed less imtiative than the controls 
Responsiveness to external stimuh shows a similar flattemng Color is scarcely 
utihzed, a defect particularly noticeable m the subjects of supenor mtelhgence 
Perhaps more important is that color does not stimulate to responsiveness as 
noted m the poverty of responses to the last three cards which are highly colored 
(Percentage of Total Responses ehcited by cards 8, 9, 10) The paucity of re- 
sponsiveness to color may also mdicate some degree of emotional flattemng 
The tune required m findmg responses is significantly lengthened only m 
Group ni of the malanal subjects, where it is quite stnkmg FinaUy, it is to be 
noted that more cards were rejected by the malanal patients, the blot havmg 
failed to evoke any response Rejections are uncommon, particularly among 
mteUigent persons, but 33% of the supenor malanal subjects rejected more than 
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2 cards, as contrasted with 9% of the superior controls The rejections appear 
as further evidence of the d iminis hed sensitavity or the increased apathy of the 
malarial subjects 


TABLE 24 


Showng the range of reeponeee tn the Roreehaeh Teel, in relation to the dietribution of 
intelligence for the 4S malarial patiente and the 100 controle 
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Elaborate interpretations of tho findings arc av oided, and attention is drawn 
to tho obvious and clear-cut indications. The picture obtained is one of dunm- 
ished output of energy, and lessened Bcnmti\it> to stunuli, both from inthin tho 
indindual and from his surroundings Tho subjects tend to bo more apathetic 
and disinterested than the controls. The imprcssibn is gained that tho inertia 
goes beyond tho vohtional, and has cut deeply mto tho behavioral pattern 











50 


P A TUMULTY, E NICHOLS, M L SINGEWALD AND T LIDZ 


tion of such “cheap whole responses” such as ‘Tiats,” “insignia,” “maps” etc , 
indicates that the subjects resorted to simple responses rather than exert them- 
selves to form answ^ers of good quality This sort of performance is considered 
mdicative of neurasthemc trends when found m persons of high mtelhgence 
The perception of human movement m the blots is related to the responsiveness 
to stunuh ansmg from withm the mdividual, and has been correlated with mitia- 
tive and utihzation of one’s resources Such responses are not eiqiected of per- 
sons of low mtelhgence, but persons of supenor mtelhgence usually give several 
Only 7% of the supenor malanal subjects gave more than two movement re- 
sponses whereas 38% of the supenor controls gave more than two Perception 
of anim al movement mdicates responsiveness to inner stunuh at a less mature 
and more mstmctual level There was lower performance at all three mtel- 

TABLE 23 


Showing an analysis of pertinent data obtained by the Rorschach Test, on 46 patients with 
chronic recurrent benign tertian malaria, and 100 control subjects 
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' 48 

48 

75 

59 

51 

62 

Average number of Cards rejected per patient 

1 3 

1 3 

2 1 

1 6 

1 6 

1 1 


lectual levels The results suggest that the malanal senes was less responsive 
to inner promptmgs and showed less imtiative than the controls 

Responsiveness to external stunuh shows a similar flattening Color is scarcely 

utihzed, a defect particularly noticeable m the subjects of supenor mtelhgence 
Perhaps more important is that color does not stimulate to responsiveness as 
noted m the poverty of responses to the last three cards which are highly colored 
(Percentage of Total Responses ehcited by cards 8, 9, 10) The paucity of re- 
sponsiveness to color may also mdicate some degree of emotional flattemng 
The time required m findin g responses is significantly lengthened only m 
Group III of the malanal subjects, where it is qmte stnkmg FmaUy, it is to be 
noted that more cards were rejected by the malanal patients, the blot havmg 
failed to evoke any response Rejections are uncommon, particularly among 
mtelhgent persons, but 33% of the supenor malanal subjects rejected more than 
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2 cards, as contrasted with 9% of the superior controls The rejections appear 
as further evidence of the dinunished sensitivity or the increased apathy of the 
malanal subjects 


TABLE 24 


Stoicinp th* ranpfl of rcipoiMe4 in the Rortchach Taiy in relaiton io the distribution of 
tnieUtgence for the fB malanal patiente and the 100 conirole 
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Elaborate interpretations of the findings are avoided, and attention is drawn 
to the obvious and clear-cut indications The picture obtained is one of dimin- 
ished output of energy, and lessened sensitivitj to stimuli, both from mthm the 
indindual and from his surroundmgs The subiocts tend to bo more apathetic 
and disintei^cd than the controls The impression is gmncd that the mertia 
goes beyond the vohtional, and has cut deeply into the behaviond pattern 
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Group in of the malanal senes requires special attention It was this group 
of subjects, in poor physical condition and poorly adjusted, that had more com- 
plaints than the other groups, and was more obviously neurasthemc Table 23 
shows the unusually poor performance of this group on the Rorschach Test, with 
the total number of responses, human movement responses, and color responses, 
approximately but half as numerous as m the controls, and with almost twice as 
many rejections of cards The poor performance of this group is the more sig- 
nificant, as it contains more subjects of supenor mtelhgence than the other groups 
and but one subject of infenor mtelhgence The low means for the scores are 
not due to extremely poor performance on the part of a few mdividuals Nme of 
the twelve subjects or 75% of Group III showed very poor performance, as con- 
trasted to 42% of the malanal senes as a whole, and to 21% of tfie control senes 
Gfoup rv, the other poorly adjusted group, which was, m contrast, m good 
physical condition, exhibited a better performance than Group III, and was 
similar to those m Groups I and 11 This would suggest that the techmque 
measured a true apathy and fatigue raiiier than simple dismterest 

The Rorschach Test corroborated the chmcal impression that the malanal 
subjects had less vitahty, mitiative, and mterest than the average soldier 
Further, the correlation of the test results with the chmcal impression of the poor 
condition of the subjects m Group III is stnkmg Whether as a result of the 
recurrent malana or as a result of their poor adjustment to the circumstances, or 
both, their psychic energy had been markedly diminished This m turn was 
reflected m their total behavioral pattern The projective techmque of the 
Rorschach Test displayed objectively that which was observed climcally It is 
suggested that the emotional and mental state of the patient reflects the total 
state of the mdividual with greater sensitivity, and that this state was measured 
by the Rorschach techmque 


PSYCHOSOMATIC STUDY 

In the study of the effects of malana upon the patients, and m the attempts to 
understand their symptomatology, the reaction of the personahty to the illness 
was seen to be of considerable importance The malana influenced the adjust- 
ment of the soldier, and maladjustments, at times, eventually altered his physical 
condition Then, too, the malana was but one of several factors producmg 
neurasthemc s5mptoms Malana, situational factors, and personahty traits 
were mtimately mterwoven, and could not be differentiated as smgle etiologic 
influences The neglect of one would lead to an overestimation of the others as 
a cause of symptoms The effect of the recurrent malana is to be understood as 
one factor m the total situation m which a vanety of mfluences might lead to 
neurasthemc complamts The general condition of the troops did not permit 
symptoms to be ascnbed to malana uncntically The rdle of emotional influ- 
ences was far greater than would be anticipated m civihan practice, or even m 
mihtary medicme in the Umted States The troops had been subjected to a 
prolonged penod of unusual stresses from which they were recuperatmg on this 
island, as well as from malana Psychoneurosis and malana were the predomi- 
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nant causes of hospitalisation The two conditions wore often affecting the same 
soldiers, and the selection of the one or the other as a primary diagnosis was not 
infrequently a moot question The person and the illness is viewed against the 
background The soldier is an mtegral part of his unit and reacts tO the pro- 
vailmg sentiments of the umt, particularly when separated from the remainder 
of society m an isolated post on a tropical island The influences at work upon 
this group of patients may not be reduphcated elsewhere, but it is necessary to 
understand them, before it can be understood why personahty problems, seem- 
ingly extraneous to the problem of malaria, mtrude themselves upon the study 
so forcibly It is not possible nor desuable to review the extremely comphcated 
topic of army morale, but simply to afford an understanding of the background of 
the men studied 

The umts from which practically all of the 60 patients came had been called 
up with the National Guard more than a year pnor to the outbreak of the war 
Almost immediately after the onset of hostihties, and before the nation had shown 
any mdications of total mobdixation, they hod been sent to a forward outpost 
They had hved there under primitive conditions, and without benefit of the 
recreational facihties which later hghtened the monotony of island life Many 
w ere stationed at isolated posts m the jungle, guarding the coast against attack 
which was beheved imminent Some failed to make the necessary adjustment 
and were remov ed from the umts After sev en or eight months they were thrust, 
into one of the most gruelling and harrowing struggles ever fought by American 
soldiers The tactics of the Jap were strange and brou^t many surprises to 
these first troops engaged Supphes were meager, and hvmg conditions relatively 
poor, even m comparison with later campaigns in the area. The men fought 
bravely when the campaign soCmed almost hopeless, but often with intense fear 
When they left Guadalcanal after four or five months the island was secure 
They looked forward to a penod of rest, recuperation, and a chance to enjoy 
themselves Already there were rumors of return to the United States because 
of the poor condition of the troops Almost all the men had suffered one or 
more attacks of malana, and they w ere to bo cured 
At first, any place was better than Guadalcanal The island selected for 
recuperation was free from malana and aenal attack, but it was also deficient m 
white girls and recreational facilities The soldier was in a small, isolated en- 
campment, where ho remmned for ten months whilo efforts wore mado to re- 
habilitate the umts for combat Hopes rose and fell with rumor Often the 
men bclicv ed they were about to return to combat, and almost as often believed 
that they might bo sent homo for rest The optimal time for recuperation 
passed but the soldiers w ere not m condition Months of intense boredom con 
tmued, permittmg time for refiection Combat on Guadalcanal had not whetted 
appetites for further jungle fightmg It had been terror, and not glory Men 
wore vviUmg but not cnthusinstic, and thej hoped that further fighbng on the 
Solomons would bo unneccssai^ for them Boredom, rchoved rmunlj by fa 
mihar manoeuv era, gav e rise to nostalgia Unhappy in reaUty, daydreaming of 
a more pleasant past became a common preoccupation The future held bttio 
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about 46 minutes The purpose was to gam an opmion of the subject’s adjust- 
ment to the current situation, mdudmg the malaria, and to obtam a picture of 
their background, both m pereonahty and atuational factors It was not antici- 
pated that these soldiers who were not seekmg psychiatnc help would reveal 
themselves fully m a smgle mterview Emphasis was placed upon having the 
subject tell how he felt, and m expressmg lus attitudes In rather informal 
fashion quenes were inserted concemmg the family background, previous sta- 
bihty, behavior m avihnn life, reactions to combat, concern over malann, the 
depth of his nostalgia, and attitudes towards his umt Subjects were given the 
opportumty to express their dissatisfactions and resentments without fear of 
condemnation. They understood the purpose of the interview and were amoous, 
to a Burpnsmg degree, to offer their opmions about various atuations, and to tell 
how they had reacted to various incidents The psychiatrist’s famihanty inth 
the men and officers m these umts, the opmions held, the detailed history of the 
imits and of the morale m the umts etc , aided in the attainment of rapport and 
in covering considerable ground in a bnef space of time Furthermore, the 
amplified medical history, which mquircd m detail mto family background, 
personal avihan history, adjustments to situational factors m Army life, and 
symptomatology, w as available Analysis of this material ivas enhanced by the 
mpressions gamed of each individual dunng a ivcek’s observation 
The psychiatric mtemew w as amplified b> intelhgence tests and the Rorschadi 
Test Stanford-Bmet and Kohs’ block mtelhgence tests were given, as it bad 
been thought likely that men of lower mtelligence would hai e more difficulty m 
makmg the adjustments to illness and the isolated hfe It had been noted prior 
to the study that the definitely fecble-mmded wore unsmted for jungle combat 
The distribution of mtelhgence m the 60 subjects jmralleled closely that of the 
white population of the army in general There was no apparent relationship 
between adjustment ani mtelhgence In the four groujis there was no sigmfi- 
cant difference between the mean mtelhgence levels The Rorschach Test was 
utihicd in a limited fashion, and has been discussed among the studies of fatigue 
Before Burveymg the relationship of the syrnfitoms to adjustment, and before 
discussing the underlying personahty traits that affected adjustment, the situa- 
tional factors that confronted the subjects -will bo renewed briefly Some were 
scarcely troubled by any of them, while others were badly affected The topics 
to be discussed mfluenced a largo proportion of the patients 
Repeated hoaptlaltzahons Each of tho numerous hospitahmtions removed the 
soldier from duty, and brought him into mtimate contact with men who were to 
be returned to the Umted States The mactinty m tho hospitals permitted time 
for reflections m an atmosphere where con\ orsation and mterests tended to center 
about home The morale of tho patients in hospitals, despite effort to bolster it 
was qmte defimtely lower than that of men outado of hospitals, particularly ns 
there tended to he a pilmg up of psychiatnc casualties in the hospitals The hope 
of bemg disjiositioned to the United States was more or less consciously and 
honestly present They could not but hope Oiat they would bo deemed suffi- 
ciently worn to bo sent home Many men admitted that homesickness was only 
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a senous pioblem when idle m the hospitals, and sought rapid discharge The 
separation from the unit, sometimes prolonged to permit full recuperation, per- 
mitted the men to lose their sense of bemg a member of a umt, and the ivilhngness 
and even desire to share the tnals of war with their fnends 

Inahihiy to remain at full duty Even when discharged from the hospitals, 
many of these soldiers not able to tolerate full duty were forced mto relative 
inactivity because of weakness, or to avoid provocation of malanal attacks by 
strenuous activity It is one thmg for men to remam away from home when 
servmg a purpose they reahze is useful, but it is qmte different when they feel 
that they are wasting their time and are more hindrance than help to their umts 
Further, the inabihty to perform full duty well led to an impasse which limited 
their army careers Others could transfer to the air-corps, attend officer’s 
candidate school, volunteer to ]om commando umts etc , hxd no one seemed in- 
terested in giving special training to the malarious Fmally, it became impossible 
to receive higher ratmgs, and feeling that rewards for good and lengthy service 
were demed them when new arnvals were promoted over their heads, they tended 
to lose interest and became resentful 

A source of resentment As has been mdicated, there were numerous causes for 
resentment without the additional contribution of malaria Some men suffermg 
repeated attacks of malana felt that they had been unfortunate, or had been dis- 
criminated against because they had not been sent home, while fnends who ap- 
peared no sicker had been dispositioned Why must they carry on, ill as they 
were, when there were still many men who had never been overseas, and men to 
whom the war was so distant that they could strike m defense factones? They 
had fought the crucial battle and were ill Resentments have a way of spreading 
from topic to topic, embittermg and causmg physical distress 

Concern over illness A most important influence upon adjustment was the 
soldier’s concern over the malanal illness itself, and its effects upon his future 
well-bemg and happmess Malaria had become so commonplace in the area that 
some medical officers seemed to forget that the paiierU might not tcdce it lightly The 
reassurances given to the patient early m the course of his fllness had proven 
erroneous, and the patient was apt to give httle heed to reassurance given 
casually Thirty-three of the 50 patients studied, or 66%, had fears and mis- 
apprehensions that weighed upon them, and were largely unnecessary Twenty- 
one of the 24 poorly adjusted subjects, or 88%, had such concerns, and m some 
they were senous preoccupations None of the patients studied had any really 
thorough understanding of what malana was, and what it could do to them in 
the future Only 19 of the 50 had any insight as to what might be expected of 
the disease m the immediate or more distant future Of the 33 patients with 
concerns over malana, 23 had no msight whatsoever The madequacy of the 
insight and imderstandmg is emphasized by the fact that even among the 19 
patients vath some degree of insight, 10 still had unnecessaiy concerns There 
was no correlation between level of mtelligence and the degree of understanding 
of the illness 

The patients had gradually reahzed that present medical therapy was insuffi- 
cient to cure their malana, and some of them beheved that because the malana 
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had not subsided ns prognosticated, the infection from which they suffered 
differed from other forms, and would ne\'er cease recurring The fear of some 
degree of permanent disabihty w as extremely prevalent, occumng in approxi- 
mately all of the 66% who were worried about the malaria They feared, or 
firmly beheved, that they would be unable to obtam decent jobs, as their recur- 
rent illneaH would be held against them by employers, as it seemed to them it 
was m the army They worried about supporting wives and children, and some 
of the men who were engaged to marry seriously contemplated breaking their 
engagements Some envisioned years during which they would be unable to 
work steadily and would live on pensions, or m Veteran’s hospitals Some be- 
heved that the recurrent attacks had already, or would ev entually, leave their 
health permanently impaired, even though the malana eventually subsided 
It was tor this reason that the subjects of the study participated gladly, to loam 
if they had already suffered some permanent damage from the malana or the 
atabnne The concerns were often deep, and men became markedly depressed 
when contemplatmg a barren and hopeless future Occasionally, astonishmg 
changes in spmts occurred, accompamed by considerable dunmution of com- 
plamts, after the patients were carefully reassured that attacks would taper off, 
and occur rarely after two or three years (41-43) 

Only a few patients w ere still apprehensivo over further smgle attacks as they 
had learned that senous compbcations were extremely rare Howea or, they had 
womed earhor m the course of the illness for they had seen or heard of deaths from 
cerebral malana and blackwator fever In a few, some lingenng apprehension 
over takmg atabnne remomed, but at one penod such concerns bad been fairly 
promment Behefs had existed that atabnne caused sterility or impotence or 
other bodily impairments These concerns had been carefully combatted m the 
area to improve atabrmo disaplme. One patient had suffered from persistent 
vomitmg while taking atabrmo prophylacticollj , and one bad suffered from a mdd 
confusional state when receiving large dosage of atabrmo, but both received 
quimne prophylaetically and theropeutically, and their mtoleranco was not a 
problem 

VTule still m combat imits, many of the 60 patients womed that thoj would be 
unable to survive combat because of their debility They recalled that their 
hves had depended upon endurance, at tunes, on Guadalcanal, and they no 
longer had endurance They feared a malarial attack while exposed and unable 
to move from their foxholes at mgbt Removal from combat umts brought 
rchef from these warranted fears 

There are other influences of chrome illness that are difficult to evaluate A 
sick man, particularly an inunature person, is far more likely to feel strong desires 
to be with his family than a hcalthj person. Perhaps many wish to bo pampered 
when ill, and there is a tendency to regress to immature ways of behavmg and 
thmking The psjchiatnst learns rapidlj not to form judgments of a soldier's 
cajiacity for further duty during a malamd attack 

Aside from the concerns ox cr malana which are common to many soldiers 
there were a few indixiduals in the senes witli special reasons to bo concerned 
A soldier who had lost both parents from tuberculosis and had been suspected of 
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having tuberculosis m childhood, womed when his weight dropped and he was 
unable to keep himself in good physical condition A less intelligent mdmdual 
worried just as much, even though irrationally, that the recurrent attacks might 
predispose him to cancer, from which both of his parents had died 

A most important consequence, which has been indicated, is that the recurrent 
malana provided the soldier who was tired of life m the combat area, and reluct- 
ant to return to combat, with an adequate reason to believe that he should be 
returned to the Umted States The lUness constantly fosters hopes which are as 
constantly squelched He builds up the behef that malana is benefited by a 
temperate climate, and that the heat fosters attacks He has a sensible basis for 
behef that he should not be returned to combat which permits rationahzation of 
natural fears of further combat It is very understandable that when others who 
are m good health are having difficulty m mamtaimng satisfactory morale, ma- 
lana can tip the balance 

The adjustment of the mdividual depended upon a multiphcity of aggravatmg 
forces, and the assets of the personahty which enabled them to be handled 
Certam situational factors other than the malana appeared to be equally im- 
portant m many of these patients, and were productive of the same pattern of 
symptomatology 

Nostalgia was clearly among the most important deterrents to healthy-mmded 
adjustments The term covered a host of lacks and discontents, and was a 
feature, either pnmanly or secondarily, of most illness m the area It was not 
the acute nostalgia of the immature youth separated from home for the first tune, 
but a chrome longmg for a former existence that contamed meamng, enjoyment, 
and satisfactions, to replace a life filled with futihty, frustration, and lonehness 
The longmg for home was as much a dnve away from a life of monotony as a 
desire for family, girls and friends Nostalgia was accepted as normal, and all 
of the patients were anxious to return home as soon as possible In some the 
thoughts of home became a constant prooccupation that never left, and led to 
depressive reactions, m others, to a dissipation of desire and enthusiasm The 
men lacked a positive onentation to their current existence Seventy-eight per 
cent of the men m the study were homesick to an appreciable extent In 22% 
it had become a senous difficulty to the extent that further stay overseas seemed 
beyond endurance and actually seemed madvisable m most, because of their 
depressive state There were often real concerns, lUness or death of parents, 
mfidehty of fiancees etc , but the real situations were present as frequently m 
those w'ho were but moderately homesick as m those who were severely upset 
Fed-up Helated to the homesickness, but somewhat different, was the state 
of mmd in w'hich further life m the theater seemed unbearable The men might 
not be anxious to get home as much as to obtam a change from the monotony 
They had seen fnends “crack” and had heard of a few suicides, and worned that 
eventually they might lose control of themselves, as they were aware of tensions 
and spells of despondency they had not known at home The state of bemg so 
extremely “fed-up,” to the stage where an escape seems urgent, is not apt to be 
seen m civihan practice from relatively simple situational factors, for prolonged 
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and severe monotony is usually avoidable The condition also is not apt to 
appear in an active combat area, where life, even though distasteful, has a more 
apparent purpose In 04% of the subjects, the condition i\ as worthy of note as 
a factor in adjustment, and m 18% the conditions had become severe 
Reecniment Resentments over factors other t ha n malaria were multiple, and 
m some mdividuals mtcnso, and sufficient to produce adverse influences upon 
health as well as somatic complamts Soldiers rcsentai the ‘‘deal’’ they bad 
received in bang brought to an island devoid of recreational factlilies and while 
women, to recuperate, after having already served over a year tn isolated poations 
Most deeply they resented the idea that they woidd remain overseas indefinitely, 
while friends remained at home The lack of opjiortumty for advancement, 
despite the fact that they were among the first overseas, new officers without 
combat expenence, mfantry life, and many other sueh ite m s, caused bitterness 
Some men paid httle attention to the gnpes that were readily found, whereas 
others, because of their piersonahty structure, were incapacitated by them It 
was estimated that 42% of the subjects were out deeply by resentments of one 
type or another, and that approximately 10% were filled mth bitterness The 
fact that they had not been returned home because of malaria was an additional 
source of arousal, particularly m the men who a ere prone to be resentful 

Climate Although the tropical chmate is usually well borne by those who 
avoid monotonj , and although the so-called “tropical neurasthenia” does not 
appear to be a clunatic matter alone, few who have lived through tropical sum- 
mers will deny that heat aids ennervatiom It can reach proportions that make 
the unwary consider their inertia a sign of ill health from malaria. The pro- 
longed rams which last for weeks or months also limit activity and are conducive 
to imtabihty This study was earned on durmg mid summer, when mdd 
neurastheme complamts are common 

Combat Expenence Only three of the group had suffered from combat neu- 
roses, and they were relatively mild However, 20% of the group had been badly 
upset by combat, and worried considerablj about how they would fare, if re- 
turned to combat Although a number of the group w ould have preferred return 
to combat to the constant mdecision concormng the future, none were eager for 
further fighting in the jungla The wait bad been too long, and there had been 
too much time to contemplate their past expencnccs The constant cross cur- 
rent of rumors as to the future disposition of the umte had made for tenseness 
and imtabihtj 

Sexual It is difficult to assess the r51o of sexual problems Depnvation of 
opportumty n as a source of restlessness and discontent The fact that all had 
suffered the same absence of fcminmo compamonship seems to have made the 
problem less of a source of confhet than m civihan life Contacts with native 
women who were availablo, often increased rather than decreased the confhet 
hlost men had learned to adjust somehow, and the problem wns no longer acute. 

There were two general features that aided the adjustment of the men studied 
Transfer to non-combat dutj, which usually meant to less strenuous acUvity 
than line dutj , helped all except 10 of tho 60 subjects, all but one of whom were 
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among the poorly adjusted It appeared as if some mdividuals had remamed m 
good condition and well adjusted because they had been transferred from the 
infantry to sedentary duties early in the course of the malana In others stnkmg 
alterations m behavior, complamts and general well-bemg were found soon after 
transfer out of the infantry, in which they had been unhappy, and where they 
had been imable to stand the pace This was particularly noticeable m several 
men who had been dreading return to the fightmg because of previous severe 
anxiety in combat The announcement of the pohcy of rotation, at about the 
time this study was started, had a very beneficial effect, particularly as these 
soldiers had been among the first m the area and could anticipate retummg home 
fairly soon It gave somethmg tangible to anticipate The most senous source 
of resentment and hopelessness was removed Men who had felt that they could 
not stay overseas for another month settled down to wait For the first tune m 
a year, the psychiatrists heard requests not to be sent home on medical dispo- 
sition The pohcy was greeted with scepticism at first, as the men had been 
disappomted so often that they feared to permit hope to be aroused agam 
They preferred apathy to another disappomtment Seven of the poorly ad- 
justed men m the study were not benefited by the hope of rotation, because they 
refused to beheve that it would be put mto effect This was considered an 
ominous sign, for it occuiTed orfiy among the most disgruntled, or those who were 
noticeably depressed ^ 

Adaptability The manner m which the soldiers adjusted to the circumstances 
which were present for all, or affected them as mdividuals m some particular 
way, differed from person to person dependmg upon umqueness of cncum- 
stances, but even more upon the mtegration of the personahty Whether termed 
adaptabihty, matunty, stabihty, or degree of successful mtegration of the total 
personahty, and whether such factors are beheved to be basically constitutional 
or environmental m ongm, the personahty which meets the circumstances is at 
least as important to the end result as the various situational factors It is to 
be stressed that this study deals with average mdividuals With the exception of 
three or four mdividuals m the group, these men had not been separated from 
their infantry umts because of unsiutable adjustment They had been removed 
- primarily because the frequency of malanal recurrences made them unsmted for 
combat duty Actually, it is to be supposed that they were among the more 
stable m the umts, as they were among the last to be separated It cannot be 
considered proper to speak ghbly of madaptabihty m men who had served more 
than two years overseas, and had survived many months of jungle combat The 
soldiers who had suffered from severe combat neuroses or had developed maiked 
psychoneurotic tendencies, and, for the most part, those vho had reacted ex- 
tremely poorly to malana, had been largely weeded out durmg the months 
pnor to this study On the other hand, the mcreasmg duration of the stay 
overseas, the continuation of the malanal attacks, and the many other influ- 
ences at V ork contmued, by mcreasmg situational factors, to produce neurotic 
reactions m the more stable It was a constant peehng off, which started with 
the least adaptable, and left a smaller and smaller useful nucleus No matter how 
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much ^\e emphasize the rfile of faulty adjustment as a cause of symptomatology 
m this group, it is cerlam that, for the most part, they differed markedly from 
the clear-cut neurotic reactions seen earher m the year 

In mdmduals, it is possible to form a fairly good estimation of the manner m 
which situations, mtelhgence, early training, emotional patterns etc , mteract to 
form the picture seen at the moment Summing up for a group study presents 
difficulties It has been attempted m two ways The reactivity m the past is 
exammed for mdications of instability m childhood and adult hfo, some fairly 
deflmte mdications of previous instabihty are found m 40% of the subjects, when 
behavior under combat is mduded, and m 30% poor to combat (see Table 28) 
Such findings do not, however, mdicate any marked mstabihty, except m 3 or 4 
cases The matter will be discussed further m connection with the study of 
symptomatology Adaptabihty was also estimated from the mode of reactivity 
to current situations, such os the strength of the need to be with parents, diffi- 
culties m adjustment to the army, reacting to distressing circumstances by alco- 
holism, difficulties m making fnends, failure to fit mto umts well, etc Such 
estimates for groups are, of rourse, rough approximations m which the subject’s 
attitude plays a large rfile They depend largely upon the psychiatrist’s expen- 
cnce m evaluating the capacity of soldiers to bo of service m the army Gen- 
crahzations do not always apply An occasional alcohoho makes an excellent 
soldier, a few men who were deflmtely neurotic were better able to cope with 
difficulties than the average soldier, because of long experience m handling 
anxieties or hypoohondnacal concerns, men who were northless m combat 
settled down and adjusted extremely well in non combat duties Still, m dis- 
cussmg the groups of patients, it will be seen that there is considerable correlation 
between porsonahty traits as reflected by past performance, the degree to which 
the indindual is upset by nostalgia, malarial concern, resentments etc , and the 
symptomatology 


ANALTSIB OF OROtlPB 

The 60 subjects were divided mto those who were well adjusted and those who 
were poorly adjusted to the current situation Practical entena of attitudes and 
performance were utiliied That the division into 2C well adjusted and 24 poorly 
adjusted uas not purely arbitrary, was shon-n by the fact that the jisychiatnst 
who made a diidsion into these groups mdejjcndently of the other wnters amved 
at the same classification, except in the case of three patients However, there 
were marked differences wathin this gross division mto two categones The ex- 
tremes wore readily placed, whereas in the mid-ground there was relatively little 
difference between the well and poorly adjusted individuals The distnbution 
was not uniform between those in good physical condition and those in poor 
physical condition Group I, consisting of those who were m good physical 
condition and well adjusted, tended to bo better adjusted than those m Group II 
who were m poor physical condiUon The patients in Group TV comprised 
those in good physical condition, but who wore poorly adjusted, and wore defi- 
mtely more poorly adjusted on the average than the subjects m Group HI, who 
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■were m poor physical condition and poorly adjusted The subjects’ adjustments 
ranged from those in which recurrent attacks of malana had scarcely unpaired 
the eflSciency of the soldier, particularly when removed from strenuous acti-vity, 
to adaptations which were so poor that it could be stated that the soldier would 
have been useless for further overseas duty, even if he were not suffermg from 
malana There were ten patients at each extreme, and the contrasts between 
the extremes was striking 

The best adjusted and probably the least "n om from malana, for the two cannot 
be differentiated completely, had relatively few complamts aside from weakness 
and fatigabihty after exercise They did not complam of lassitude and apathy 
They ate and slept well, and few suffered from headaches except -mth attacks 
They complamed that it had been difficult to mamtam the pace of the infantry, 
but they had tned to keep up -with the others and had rarely fallen out of hikes 
and manoeveurs despite their fatigue They had been satisfied m the infantry, 
had been proud of their umts, and had formed close fnendships Transfer to 
non-combat duty produced no stnking change m their conditions, but they found 
it easier to get along and do satisfactory work They were not overly concerned 
about malana, and though perhaps womed that it might impair their efficiency 
for a number of years, they did not beheve it would influence their future happi- 
ness Homesickness, though present, was not an abidmg preoccupation, and 
they beheved that they could wait six months or longer for rotation There was 
extremely httle resentment Neurotic and psychopathic traits pnor to mduction 
were shght, one soldier had been moderately alcohohc pnor to mduction and 
another stammered They had had their share of difficulties at home which they 
had been overseas, but had accepted them and not been weighed down by them 

At the other extreme were the men who seemed of httle value to the army for 
reasons other than malana They were charactenzed by feehngs of hopelessness 
They had given up, and were no longer trymg to rehabihtate themselves for over- 
seas duty They bad no faith m anythmg, and were apathetic and bitter They 
complamed that they had had nothing but bad breaks, that the army would use 
them as long as they could walk, that rotation was an empty pohtical gesture, 
and that they would never be sent home before the war was over They were 
preoccupied about home, and womed excessively about then famihes They 
were convmced that the malana would mcapacitate them more or less perma- 
nently, and had lost hope m the future They had not been well adjusted m their 
outfits, but had not been improved by transfer, as gettmg home had become their 
major concern About half of these men had been poorly adjusted m ci-vihan hfe 
They were thoroughly “fed-up” "with hfe m the area They complamed not only 
of fatigue after exertion, but that they felt washed-out and tired aU of the tune 
They had become imtable, slept poorly, complamed that they ate poorly, and 
suffered from dizzmess, palpitation and shortness of breath The remainmg 30 
subjects fell between the extremes, but even among the better adjusted of this 
60% of the total group, it was deemed that factors relatmg to adjustment played 
a significant role m the production of symptoms Eleven or approximately 22% 
were managmg well, perhaps after transfer out of combat umts, though not 
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nthout some degree of difiBculty or conflict Ten patients were m the mid- 
round, the malana seemed to have been very difficult for them to handle, but 
ther atuational influences rvere qmte promment Five of these were placed 
mong the well adjusted and 6 among the poorly adjusted, and the cntena upon 
rhich their plaeement depended could not be stated definitely, and rested m part 
ipon the impression gam^ during mtemews and the week of observation Nine 
lubjects V, ere having conaderable diflfioulty but r emain ed capable of remammg at 
muted duty In contrast to the most poorly adjusted they had not given up, 
-etamed pnde m themselves, and were combatting their desires to get home as 
joon as possible In some respects, it seemed as if these men might be having a 
more difficult struggle than those uho ucre still more poorly adjusted The 
criteria lor the groupmgs will not be described as the difficulties and types of ad- 
justment were van^, but can be pictured from the descriptions of the two ex- 
tremes The distribution of the patients m the four groups aocordmg to adjust- 
ment and physical status used throughout the study can be seen in Table 25 
Table 25 infficates that Group I contains better adjusted mdividuals than 
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Group II, as well as patients who are m better physical condition It is also 
apparent that Group lU is composed of subjects who, even though m worse 
physical condition, are somewhat better adjusted than those m Group FV It is 
to be recalled that there is httle if any diffiorenco in physical condition between 
the subjects m Group I and Group IV, and between those m Group II and Group 
III, and that the number and frequency of malanal attacks is approximately the 
same for all groups 

There is a difference between the type of faulty adjustment shorni by the 
Group III and Group IV patients, illustrated by Table 20 which summanres the 
history of past stability of the patients. Group IV differe from the other groups 
m that it contains a greater proportion of patients who showed psychopathic 
traits, jmrticularly alcoholism, or neurotic traits, or who had been badly upset by 
combat Eighty-two per cent of the subjects m Group FV had shown some evi- 
dence of dilliculbcs m adjustment pnor to the onset of malana In contrast, the 
soldiers m Group III did not show more evidence of past instability thnn the 
better adjusted soldiers In general, the backgrounds of patients m Group IV 
resembled more doscly those of neurotic patients, and seems portment to the 
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problem of why these men had difficulty m adjUstmg, even though they had ' 
remamed m fairly good physical condition The poor adjustment of those m 
Group III seemed to be dependent, to a greater degree, on the difficulties ensuing 
upon their poor physical condition 

It IS noted, also, that 38% of all of the subjects who were poorly adjusted had 
at least one parent who tended to be emotionally unstable, whereas but 19% of 
the weU adjusted had a parent who tended to be unstable No group correla- 
tions could be found with education, mteihgence, work or recreational records, 
or faulty habits of eating or sleepmg 

Current Adjustment Chart 9 shows an approxunation of the relationship be- 
tween the four groups m their difficulties of adjustment to current circumstances 
Although based upon subjective cntena, it is beheved that the chart shows the 
general relationship of the groups m their concerns over malana, nostalgia, 

TABLE 26 


Showing relationship of emotional background to the groups in the 60 malarial patients 




oKovp I (good 
PHYS ) 

(good adj ) 

group n (poor 

PHY8 ) 

(good adj ) 

GROUP rn (poor 
PHYB ) 

(poor adj ) 

GROUP IV (OOOD 
PHYS ) 

(poor adj ) 



Number 

% 

Number 

% 

Nmnber 

% 

Number 

% 

Unstable parent 
Neurotic traits in 

child- 


14 2 

3 ! 

j 

24 9 

4 

30 8 

6 

46 5 

hood 

Neurotic traits in 

adult 


14 2 

1 1 

8 3 

0 

0 0 

4 

36 4 

life 

Psychopathic traits 

incl 

1 

7 1 

0 

0 0 

2 

16 4 

6 

46 6 

alcoholism 


1 


1 

8 3 

1 


6 

46 6 

Badly upset in combat 
Individuals with prev neu- 

0 

H 

3 

24 9 

2 


6 

45 6 

rotic or psychop traits 

3 

21 3 

4 

33 2 

4 


9 

81 9 


bemg “fed-up” with the life, their resentments, and the difficulties m adaptmg 
themselves to the situation It was constructed by estimatmg the difficulties 
encountered by each patient, addmg them and correctmg for the size of the group 
It IS seen that Groups I and II (well adjusted) are far less concerned about 
malana than Groups III and IV (poorly adjusted), that while all were consider- 
ably homesick, the difficulties were more marked, and approximately equally 
severe m Groups III and W Bemg “fed-up” and feehng resentful about one 
thin g or another show a general correlation with the estimate of adaptabihty, 
and the seven t}’’ mcreases m intensity from Group I to Group W, bemg almost 
'neghgible m Group I and very marked in Group IV It is beheved that in Chart 
9 the estimation of the mtensity is of more significance than the percentage of 
each group havmg the difficulty, for as has been mdicated, similar feelmgs were 
present m almost all soldiers m these outfits It was the extent to which they 
suffered that was apt to lead to emotional and psychosomatic difficulties 
Dtsciisston of Symptoms The sjrmptoms from which the subjects suffered 
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were dearly rdated to both their phj'mcal status and the difficulties eiqienenced in 
adjusting to the circumstances nhich mduded their chrome illness An attempt 
wiH be made to detenmne what portion of the symptomatology can be related to 
the chrome recurring malaria alone, and what to the difficulties m adjustment 
It IB to be stressed, however, that the illness cannot be differentiated from the 
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emotional reaction to the illness, nor from the reaction to the remamder of the 
life the patients Mere leadmg The mterplny of the reactions was complete 
DebiUty, as well as feelings of hopelessness and concern about the future, lead to 
apathN and depression Anorexia, headadie, shortness of breath, fcchngs of 
famtness, insomnia, are all difficulties which follow upon chronic illness but are 
also frequent mamfcstations of neurasthenic and depressive tcndcndcs. If thc3 
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are the result of the malana alone, they still lead to feelings of ill health and dis- 
couragement, and may m turn produce secondaiy effects upon the mdmdual’s 
morale Alcoholism is not only a manifestation of madequate adjustment but it 
IS a ptecipitant of malanal attacks Despite these difficulties, the analysis of 
the symptoms of the four groups penmts some general observations to be made, 
which appear to have pertmence ‘ 

It would be anticipated that Groups 11 and III would have the most symp- 
toms, with Group III showmg ai shght preponderance, if symptoms were de- 
pendent upon ph 3 rsical condition alone It was the impression of the wntera 
that Group III was shghtly more debihtated than Group II, even though no 
difference could be shown by the vanous test procedures On the basis of the 
analysis of the relative adjustments of the four groups, it would be expected that 
if adjustment alone were' the cause of the symptoms. Group IV would be most 
severely affected, with Group III but shghtly less. Group II markedly less, and 
with Group I relatively s 3 Tnptom free 

Chart 10 shows the relative frequency of occurrence m each of the four 
groups of the major symptoms from which the subjects suffered, and the m- 
tensity to which the symptom was expenenced cumulatively by each group 
The first column shows the percehtage of patients m each group that had ex- 
penenced the complamt pnor to suffermg from malana The second column 
shows the percentage of patients rn'each group who suffered the symptom at the 
tune of the study, and this is divided by the markmgs mto those who had shown 
the symptom pnor to malana, and those m which it was a new symptom The 
purpose of this was to ascertam whether a symptom was particularly severe for 
a group because of a predisposition to that type of reactivity It is to be empha- 
sized, however, that the first column showmg occurrence of complamts pnor to 
malana simply means that the subj'ects had expenenced the complamt occa- 
sionally m the past, but not that it was a chrome complamt as it Was if charted 
as occumng after malana For example, a large proportion of subjects stated 
that they had suffered from penods of tenseness when under stress m the past, 
but this did not mean that they were chromcally tense mdividuals, when calcu- 
lated in the second column as occumng after onset of malana, the chart mdicates 
that it had become a noticeable and disturbmg symptom that was present veiy 
frequently The mtensity of a symptom for a group was calculated by estunat- 
mg the mtensity for each mdividual, adding them together, and correctmg for 
the number of patients m each group Obviously, the estimates of mtensity of 
a symptom m an mdividual was an arbitrary matter, certainly erroneous m 
mdividual cases, but beheved to afford a fairly accurate picture of the relationship 
of mtensity between the four groups 

It may be noted that there is no constant relationship between the existence of 
symptoms among members of a group pnor to the malanal attacks, and the 
extent to which the symptom is expenenced cumulatively by the group 

Treatmg all of the symptoms together, it is found that the percentage of oc- 
currence and the mtensity mcreases m the order of Groups I (good physical, well 
adjusted), 11 (poor physical, well adjusted), IV (good physical, poorly adjusted) 


joHTn-cirt 

TJCODD 


investigation op BFPEOT8 OP HEOTORENT M AT i AK I A 


67 


OtCUtlBCNCC CATC 
OF 

COHPLABTT IN THE 
Wi3T PWOC 
TO 

CMftOHJC MALAQIA 
V% 30% m 7D% 


OCCUCBCMCE fiATC 
or SAME 

COMPIAINT »N PPtSCNT 

attfr 

CHBONIC MALACIA 

tt% }a ^ 70% >co% 


INTENSITY 


froR CLARIFICATION OT TH15 tSTlMATC 
' SEC TEXT) 

10 M M 70 H» 



LECEND 



iS^ft'JcTnV^ 


CnABT 10 GbODP AKAIeTBIS of Stuptous 
Thcjr occurrence rate snd inteuflity 


ra (poor phvmcal, poorly odjusted) Tho relationship of the intensity of the col- 
IcotiL e symptoms suffered by each group, is shown m Chart 11 Group I, com- 
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pnsed of patients who are best adjusted and in good physical condition, has the 
fewest symptoms, as would be anticipated Group 11, with patients m poor 
physical condition and well adjusted, has fewer and less intense symptoms than 
Group IV, m which patients are m good physical condition, but poorly adjusted 
In regard to only one symptom, headache, were complamts more frequent and 
mtense m Group II than m Group IV Group III, which contains patients who 
are both poorly adjusted and in poor physical condition, has more complamts 
than Group W, m which the patients were m relatively good physical states 
The symptoms shown by Group I seem especially worth considermg This 
group was composed of mdividuals who were better adjusted than the average, 
and with few exceptions, displayed less concern and conflict over both malana 
and general situational factors than most mdividuals who had suffered a com- 
parable number of attacks The difficulties encountered by this group give a 
fair idea of what might be anticipated m soldiers expenencmg an average of 10 
attacks of malana withm 12 to 18 months, when psychological factors are mmi- 
mal Although they suffered less than the other groups, the complamts were by 
no means neghgible Eighty-five per cent complamed of appreciable physical 



Chart 11 Graphic Representatiov of the Relative Intensity of Complaints in 
Each of the Four Groups of Malahi ^l Patients 


weakness, 50% suffered from mild headaches, 60% complamed of shortness of 
breath on exertion, 40% of noticeable and annoymg palpitations, a few of m- 
somma, “blackouts,” and anorexia It is of mterest that even m this group, 
ovef 60% complamed of a moderate degree of tenseness under stress Nor were 
the physical alterations mduced in them by the recurrent malana neghgible, as 
has been discussed They had lost an average of 10 pounds and showed varymg 
degrees of debility They manifested objectively a degree of fatigabihty similar 
to that of the other malanal patients 

The patients m Group II had become more debihtated for reasons which are not 
apparent and had lost 17 pounds on the average They were as well adjusted, 
if not somewhat better adjusted, than the average soldier who had suffered a 
similar number of attacks Though more “fed-up” and somewhat more resent- 
ful than Group I, there wnre no mdications of difficulties m adjustment earher m 
life However, several in the group had become adequately adjusted only after 
transfer out of the infantry The group suffered shghtly more from weakness 
than Group I Almost every member complamed of headaches Over 70% 
suffered from dyspnea on exertion, more than 50% from “blackouts” or famtness 
- upon occasions, and more than 30% from anorexia Insomma was only slightly 
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greater than in Group I, and tenseness was no more pronunent The poorly- 
adjusted hnvmg been we^ed out of Groups I and IT, a picture has been obtamed 
-n-hich shows what malann is apt to do, even when adjustment is better than 
average 

When adjustment is poor there is on appreciable increase m the mtensity of 
symptoms As would be expected, Group m, contai nin g those m poor physical 
condition and poorly adjust^, has the most symptoms, but it is of mtorest that 
Group n'', compns^ of patients m good physical condition, have more symp- 
toms than Group II, m which patients are m poor physical condition. If the 
reasomng is followed that Group I showed the symptomatology dependent upon 
recurrent malaria alone -with minimal regard to adjustment factors, it may also 
be supposed that as Group IV was m about the same physical condition as Group 
I, the difference between the symptoms of these two groups gives an approxima- 
tion of what part of the symptomatology in Group IV is due to faulty adjust- 
ment Such hypotheses cannot be earned too far, but it is of mterest that the 
relationship of intensity of symptoms between Groups I and IV, also exists be- 
tween Groups II and IIL Group IV (Good physical, poorly adjusted) is worse 
than Group I (good physical, good adjustment) to appro-ximntely the same extent 
that Group III (poor physical, poor adjustment) is worse than Group 11 (poor 
physical, good adjustment), os can be noted m Chart 11 Group III has symp- 
toms that are twice as mtense as Group I This is due both to greater debihtj 
and poorer adjustment, and more to poor adjustment than debility, ns con be seen 
from the relationships noted in Chart 11 
A comparison of the groups, symptom by sjmptom, does not seem justified as 
the groups are snail and the subjective factors which entered the weighmg of m- 
tensity of symptoms can lead to error It is noted, however, that the poorly 
adjusted showed a marked preponderance m regard to weakness and tenseness, 
and to a lesser extent, of "black-outs ” Headaches seemed to dejiend to a large 
extent upon dcbihty, for here Group II was more severely affected than Group W 
The comparison of Groups HI and IV is of mtorest Although Group III 
was the sicker, it was not the most seriously affected in regard to aU symptoms 
The preponderance was most marked in regard to headache, anorexia, mdiges- 
tion, and insomnia Group IV suffered more than Group III from palpitation, 
dyspnea, and "blackouts,” which, thougli they are also neurasthemc in nature, 
are of a neurocirculatory character, and arc less apt to affect the physical condi 
tion of the patient It seems possible that the debility shown by subjects m 
Group III was due, at least m part, to the fact that they reacted to stress and ill 
ness by insoroma, loss of appetite, and mdigcstion With 00% of the group 
Euffermg from indigestion, and still more from anorexia and insomnia, their 
recuperation from malarial attacks would bo handicapped How ov cr, it is to be 
noted that Group II, which sliowcd almost ns much dcbihty and weight loss, con 
taihed but one subject suffenng from indigestion ' 

There developed a clmical mipression that although Group III did not have 
markedly more complamts than Group IV, the subjects wore, m general, more 
senousiy affected It has been scon that the subjects m Group W tended to- 



70 


P A TUMITLTT, E NICHOI.S, M L SINGETWALD ANB T LEDZ 


wards mstabality prior to malana and succumbed to stress the more readily 
The difficulties due to poor adjustment rested to a larger extent on personahty 
traits in Group IV, whereas m Group III the poor adjustment seemed to a 
greater extent due to the debihty foUowmg malana, and the greater conflict 
•withm themselves, as the attitude towards further duty was more ambivalent 
than m Group IV, where mdividuals had already given up The impression 
seems to have been borne out by the Rorschach Test, which has been discussed 
among the fatigue studies, and mdicates that the apathy, fatigue, and hstlessness 
shown by Group III cut more deeply mto the personahty structure than the 
complamts of the other groups 

The attempts at correlation of symptoms with physical condition and per- 
sonahty adjustment, although earned out m broad terms, indicate that a con- 
siderable proportion of the symptoms covM he attribided to the reemrent attacks of 
malaria alone However, m mdividuals who were less capable of adjustmg to 
the circumstances, a very large proportion of the symptoms were due to faulty 
adjustment A detailed analysis of personahty structure and Symptomatology 
IS not possible from the studies and has not been attempted Situational factors 
have been stressed more than personahty traits, as the study was made of mdivid- 
uals who had been essentially stable, and who had succumbed largely because 
of the marked difficulties confronting them m the situation It may be well to 
note that although the recurrent attacks of malana caused considerable weak- 
ness and debihty, soldiers who had adjusted well were, with very few exceptions, 
still capable of contmuing at active service, even if m limited form, whereas 
soldiers who were poorly adjusted, even when not m particularly poor physical 
condition, had considerable difficulty m contmumg to be useful, and many had 
become useless for further overseas service 

DISCUSSION 

Evidence has been presented from the hterature that recurrent attacks of 
malana, regardless of tj^pe, are capable of produemg orgamc damage under 
certam circumstances, particularly in long standing infections which are made- 
quately treated This study of 50 patients who suffered numerous attacks of 
chrome, recurrent, bemgn tertian malana revealed no evidence of damage or 
dysfunction of the organ systems, measurable by the techmques employed The 
studies were thorough, and one of the major purposes of the paper was fulfilled 
when it was shown that the repeated attacks of malana and the considerable 
quantities of atabrme taken by these patients had resulted m no physical impair- 
ment other than the debihty which was often obvious from inspection The 
absence of such changes m our patients is probably due to the fact that they were 
all young healthy adults who were exposed to reinfection for a penod of only six 
months, and who were all treated adequately and early in their attacks How- 
ever, weight loss, weakness, and debihty of vaiymg degrees were present m all 
but a very few of the patients Fatigabihty, which was a chief manifestation of 
then illness, was measurable objectively, and it was considered to be due pn- 
manly to the malana, although other factors entered mto its production Al- 
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though conmatent differences in response do these fatigue tests could be shown 
between the malanal and control senes, individual comparisons were not possible 
because of the wide range of variation between mdindual responses Fatigue, 
expressed throu^ mental apathy, was demonstrated by the use of the Rorschach 
Techmque to an extent that makra mvestigabon of further use of the test for this 
purpose seem worthwhile 

lie subiects studied presented a characteristic symptomatology which varied 
m degree from patient to patient An analysis of the symptoms, which con- 
sider^ all of the vanous factors mvolved, led to the conclusion that malaria was 
the prune factor in their production. However, the mdividual’s adjustment to 
the malaria and concurrent situational factore, contributed to the development 
of the symptoms, as well os to their perpetuation and mtensification. Regardless 
of whetter the mdividual’s complamte ongmated m the orgamc or psychological 
fields, or both, from a practical standpomt the soldier was of httlo value to the 
army once the symptomatology had become fully developed 
The means of preventmg the frequent recurrence of malanal attacks, which is of 
major importance to the prevention of disabling symptomatology, is being in- 
vestigated extensively by others, and is not the concern of this study How- 
ever, the mvestigation of the asthenia and the symptomatology which has been 
made in this study has led to the conclusion that the malanal infection, though 
most important, is but one of many factors which contnbute to disabling the 
soldier from malana The soldier is usually capable of remaining useful, even 
though sometimes m a limited capacity, so long as his morale remains satis 
factory, and sjmptomatology only becomes severe when the adjustment of the 
person is faulty It therefore becomes clear that emphasis needs to be placed 
upon the handlmg of the person rather than simply of his mhlana. 

It IS not ivithin the scope of the study to review the problem of the momtenance 
of morale m isolated tropical areas, but the entire topic is of portmence, for the 
mtensification of the malanal symptomatology through faulty adjustment, just 
as the mcidence of psj choneuroses, bears a direct relationship to the current 
morale of the units from which the men come Certain factors, however, seem 
to bo related specifically to the handling of the malanal jiatient 
Measures by which the development of debihty and poor adjustment, condu 
CIV e to chrome symptoms, can bo prev'cntcd or controlled are therefore of pnme 
importance The prommonco of concerns over how the malana might affect 
their health and future, which arose from ignorance and misconceptions of tho 
disease, suggests that simple, thorough, and uniform instruction can aid m tho 
prevention of a neurotic reaction Instruction which docs not attempt to mim- 
mire the dangers of the infection, or to exaggerate the efficacy of present therapy , 
as far ns ciuc is concerned, has been most satisfactory Patients were told that 
the attacks of malana would contmue to recur, but that the disease is self- 
limitcd, and attacks would become extremely rare after two to three years, m the 
case of bemgn tertian malana (41), (42), (43) For tho most part mek were 
capable of accepting reality It was concern ov cr a life timo of chronic Ul health 
that depressed them Tho doctor treating the illness must bear in mmd that tho 
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soldier may have heard all sorts of confiictmg reports and rumors concermng 
malana and the ill effects of atabrme It was noted that hne-officers, particu- 
larly well informed m regard to what malana might do to their men and what 
could he expected from a soldier suffermg from recurrent attacks of the disease, 
were able to utdize their men more effectively 

There were no mdications that the stresses of malana required better physical 
health than the standards established by the army for overseas service How- 
ever, this study has shown that maladjustment to the stresses of the illness, and 
the difficulties of life m this area, played a major r61e m the mcapacitation of 
soldiers from malana Soldiers who have adjusted poorly m civihan and mihtary 
hfe, and to overseas service, are very likely to make a poor adjustment to malana, 
and become mcapacitated rapidly Expenence taught that those soldiers who 
developed chrome symptoms early m the course of their disease, particularly such 
debilitatmg ones as anorexia, mdigestion, and insomma, should be removed from 
umts where marked physical exertion is required If they remam, mabihty to 
perform full duty leads to debdity, discontent and discouragement which is not 
only harmful to themselves but is detrimental to the “malanal morale” of their 
umts The entire reaction of the soldier to his dlness, rather than such specific 
and infrequent findings as splenomegaly and anemia, should determme future 
duty status Clearly some men could no longer be utilized overseas, but fre- 
quently men who were transferred early to well dehneated duties commensurate 
vnth their capacities did extremely well and lost many of their chrome symp- 
toms This enabled the soldier to feel that he was an mtegral part of an orgamza- 
tion, to mamtam pnde m accomphdiment, and provided opportnmty for pro- 
motion 

The deletenous effects of repeated and prolonged hospitahzations have been 
discussed Minimal hospitalization reduced the tendency towards the develop- 
ment of neurotic patterns The hospital area proper, when contammg many 
patients about to be returned to the Umted States, as weU as numerous psycho- 
neurotic casualties, is unsmted for satisfactory convalescence Individualization 
of treatment directed towards reassurance regardmg physical status, further 
malanal instruction, and to creating m the mdividual a sense of responsibihty 
and a desire to return to his umt as soon as possible, was helpful The rehabih- 
tation of the patients studied had been hampered m the past by the lack of 
recreational facihties, then isolated and monotonous existence, and the duration 
of then stay m the tropics, without prospects of returmng home before termma- 
tion of the war The marked alteration m attitude, with alleviation of com- 
'' plaints, that followed the announcement of the army rotation pohey, emphasized 
the important need of these men to have a more meanmgful and satisfactory 
future m prospect 


' SUMMAHY 

1) Fifty soldiers, who had suffered an average of 10 recurrent attacks of bemgn 
tertian malana over a penod of approximately one year, were studied to deter- 



72 


P A TUMULTY, E NICHOLS, M L BINGEWALD AND T LIDZ 


soldier may have heard aU sorts of conflictmg reports and rumors concemmg 
malana and the ill effects of atabrme It was noted that hne-officers, particu- 
larly well informed m regard to what malana might do to their men and what 
could he expected from a soldier suffermg from recurrent attacks of the disease, 
were able to utihze their men more effectively 

There were no mdications that the stresses of malana required better physical 
health than the standards established by the army for overseas service How- 
ever, this study has shown that maladjustment to the stresses of the dhiess, and 
the difficulties of life m this area, played a major r61e m the mcapacitation of 
soldiers from malana Soldiers who have adjusted poorly m civihan and mihtary 
life, and to overseas service, are very hkely to make a poor adjustment to malana, 
and become mcapacitated rapidly Expenence taught that those soldiers who 
developed chrome symptoms early m the course of their disease, particularly such 
debihtatmg ones as anorexia, mdigestion, and insomnia, should be removed from 
units where marked physical exertion is required If they remain, mabdity to 
perform full duty leads to debdity, discontent and discouragement which is not 
only harmful to themselves but is detrimental to the “malanal morale” of their 
umts The entire reaction of the soldier to his illness, rather than such specific 
and infrequent findings as splenom^aly and anemia, should determme future 
duty status Clearly some men could no longer be utilized ovei-seas, but fre- 
quently men who were transferred early to well dehneated duties commensurate 
with their capacities did extremely well and lost many of their chrome symp- 
toms This enabled the soldier to feel tiiat he was an mtegral part of an organiza- 
tion, to mamtain pnde m accomplishment, and provided opportumty for pro- 
motion 
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Study of epidemiology, the mode of spread of commumcablo diseases in herds 
of human bemgs or animals, has focused for 3,000 years on the follovrmg every- 
day problems — Causation what mitiates epidemic acknesa, reservoirs where do 
epidemic mcknessea onginate, transmission how is this aokness brought to and 
distributed throughout the herd, resistance (tmmiinily) which individuals of the 
herd will escape or survive the mckness, lerminalion what bnngs epidemic ack- 
ness to an end? Much has been learned, much re ma i n s mystenous 
Knowledge of epidemic sickness can be divided mto that which accrued dunng 
a) the pre-expenmental penod, before 1870, b) the penod of experiment on m- 
fection ID the mdividual, 1870 and later, and o) the penod of experiment on infec- 
tion m the herd, 1920 and later Knowledge m each period can bo further 
classified accoidmg to its bearing on the above questions of causation, reservoirs, 
transmission, resistance, and termination 
Dunng the first, the pre-exponmental penod, certam acknessea came to bo 
regarded as commumcable, their prevalence was descnbed m an orderly manner, 
and thar causation guessed at in terms of minute, specific, hving orgomsms 
Bnefly, ideas and events occurred chronologically somewhat as follows (Table I) 
From earhest times people distmguished between certam kmds of illness — pox, 
for example, and rabies Then, too, they noted that at certam times and m 
certam places a given sickness was more or less prevalent Of most importance, 
however, was the fact that they regarded certam diseases as communicable and 
hence ngorously, and often cruelly, shunned or isolated those oiiiioted or 
those commg from an epidemic area The books of Hippocrates wntten 
m the Fifth Century B C contam the author’s own observations on different 
types of sickness and on fluctuations in their prevalence, together with his con- 
clusions that mdmduols and populations differ among themselves and undergo 
changes m them resistance to certam sicknesses. Fmolly, ho regarded epidemics 
as the results of three sets of circumstances changes m the rcsiatanco of popula- 
tions, alterations m their immediate environment, and variations m tho atmos- 
phere Meanwhile, from ancient religious sources and from astrologers came 

‘ Dr Wobator wa» engagod in a preparation of this aiumnaiy of hla roaulta and views, 
when death interrupted tho undertaking Part 1 was completed and, with very few changes' 
IS presented as ho left it For Part 2 Dr Webster loft notea and working shooU which 

ninnriv {fa nothAm Tk<a ^Iau r>- trr « . i . 
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pronoimcementa that epidemics were caused by angry gods or by meteorological 
configurations To these observations and theones nothing noteworthy was 
added for 2,000 years In 1646, however, Fracastonus pubhshed a treatise on 
contagion m which he set forth the theory, on the basis of his own studies of 
syphilis and other so-called commumcable illnesses, that sick individuals harbored 
a livmg specific microorganism which was transferred to other mdividuals 
causmg each m turn to develop that same illness Meanwhile, the idea of com- 
municabihty had become so widely accepted by the huty that fourteen illnesses 
were so charaotemed and quarantines against them were established in seaport 
towns From that time forward, communicabihty and infeotiousness of certam 
ailments received increasing attention Finally, and perhaps of most impor- 
tance, m this period came Graunt’s collection and tabulation of vital statistics, 
and Farr’s later apphcation of statistical mathematics to vital statistics to fur- 
nish a quantitative descnption of mortahty and morbidity rates Thus, in this 
pre-expenmental penod, the begumings of chmoal classification of sicknesses, 
the foreshadowing of establishment of the infectious nature of certain diseases, 
and the development of a precise method for describing disease prevalence among 
populationa may be noted Wo are left, however, ivith little notion as to the 
causes, reservoirs, transmission, resistance to, and termination of epidemics bh- 
yond the credible guesses of Hippocrates. 

During the second period, that of eicperuncnt on infection m the mdividual, the 
specific causal agents of certam sicknesses were proved to be hving micro- 
organisms and much was learned concerning their source, mode of transmission, 
and abihty to immunize Two typos of epidemics w ere recognized and the gene- 
sis of one became clear This penod will now bo exammed m more detail 

Following Leeuwenhoek’s discovery of the compound microscope, which en- 
abled one to see minute objects, many workers desenbed living microorgamsms 
under all sorts of conditions But by 1820 Bassi had demonstrated, fungi ob- 
tamed from silkworm muscardm and all but proved their otiologic idle Forty 
years later, Davaine had observed microscopic rods m the blood of animals with 
anthrax, and had shown that blood containing these rods, when mjeoted mto 
animals, was capable of reproduemg the disease, but that blood which did not 
contam the rods, when so injected, did not produce anthrax Of crucial signifi- 
cance, however, was the demonstration by Koch, m 1870, of the means by which 
microorgamsms might bo grown apart from the body in pure culture By mocu- 
lating such pure cultures of microorganisms mto animals, observmg the resultant 
characteristic disease, culturing the some organisms from the diseased tissue, 
and, finally, reinoculatmg this second culture mto animals with similar results, 
ho proved conclusively the otiologic r6Ie of the given agent The successful 
carrymg out of these procedures come to bo known as the fulfillment of Koch’s 
postulates for testmg the otiologic rflio of a given agent One after another were 
discovered the bacilli of anthrax, tetanus, tuberculosis, and diphtheria, the 
cholera vibno and the cocci of meningitis and pneumonia. Then Loefiler and 
Frosch found that foot and mouth diseaso could bo transmitted by matenals 
passed through fine filters which removed all VTsiblo material and left nothing 
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which could be grown by ordinary methods These agents came later to be 
classed as viruses Meanwhile, Koch’s techmque made it possible to trace patho- 
gemc organisms to various reservoirs and to follow them from the reservoir to the 
new host by means of the vehicles of food, water^ insects, etc Fmally, Koch 
showed that not aU mdividuals exposed to cholera vibnones developed the disease 
but, on the contrary, that some carrymg the agent m their tissues remained well 
Pasteur showed further how animals could be immunized against a pathogenic 
agent by first treatmg them with attenuated cultures of the same agent 

This knowledge led far toward an imderstandmg of infection m the mdmdual 
The basic fact may be stated as follows that certam sicknesses are caused directly 
when a specific nncroorgamsm comes mto contact with a susceptible mdividual 
Why some individuals so exposed contract the characteristic illness while others 
escape remains an enigma Is this circumstance due to differences in the 
virulence or dose of organisms encountered, or to a previous immunization ex- 
perience, or perhaps to some other factors not yet explored? 

This bactenological knowledge has led also to a better imderstandmg of mfec- 
tion m herds In most instances m which the mechanism of mfection m the 
individual is weU understood, it is hkewise plam m the herd, and vice versa In 
due course two general types of epidemics became recognizable Type 1 which 
occurs m susceptible populations exposed for the first time to a virulent micro- 
organism, and Type 2 which occurs m populations m which the virulent microor- 
ganism 18 already established An example of the first type is an outbreak of 
t3T)hoid followmg ingestion, by a previously unexposed population, of con- 
taminated food, milk, or water Here not only is the specific cause of the epi- 
demic clear, but the reservoir and mode of transmission of the agent can be deter- 
mmed What remains vague, however, is why some of these mdividuals become 
ill, even fatally, whereas others are mildly attacked or escape altogether And, 
lastly, why does the epidemic come to an end although so many exposed persons 
remam healthy? Did the virulence of the agent change, did certain fortunate 
mdividuals become unmumzed dunng the early stages of the epidemic, or are 
other factors, not yet recognized, mvolved? 

Examples of the second type of epidemics are the seasonal outbreaks of measles, 
whooping cough, pohomyehtis, yeUow fever, and malaria Indeed, most of the 
mfections which plague man today behave m this manner In this group a great 
deal IS knoivn about the nature of the specific agents, their reservoirs, their mode 
of transmission, and their immumzmg properties What remains to be solved is 
the problem of why a relatively quiescent parasite suddenly spreads throughout a 
population, mcitmg a vastly greater number of cases of illness, and of greater 
seventy, than ordinanly In other words, the causation of epidemics m the 
second class is not clear Nor are the reasons plam for their termination and 
then* selection of victims 

Early m the Twentieth Century theones were formulated to answer the fore- 
gomg puzzhng questions about epidemics Epidemiologists, notmg that 
baetenologists could reduce the virulence of disease-producmg microorganisms 
by prolonged cultivation on certam laboratory media, and often restore it by 
repeated armnnl passage, reasoned that m Nature, too, virulence must fluctuate 
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and hence they arbitranly attnbuted the nee and fall of epidemica m already in- 
fected populations (Type 2) to changes in the virulence of the specific agent 
Indeed, the very shape of the epidemic morbidity or mortahty curve was regarded 
as a resultant of the progressive rise and fall of virulence Then, too, epidemi- 
ologists, notmg that anujials can be successfully immunized m the laboratory by 
repeated mjections of small doses of pathogemo microorganisms, reasoned that 
the same events must occur durmg epidemics Hence they postulated that epi- 
demics (Types 1 and 2) are tenmnated not only because of a loss m virulence of 
the agent but because of immunization of a part of the population through chance 



Tiinc 

Teh Fia 1 Diaoeau REPaiaBNTiNO Mechanibu op Epinzincs Aocoedinq to 

CuEHENT ThEOEIES 

(Tlio broken, honiontEl lines indicsto the fate of individuEls in tbo opidemio) 

®*Posure to small doses of the agent This unmumiation process was thought to 
account m part for differences m the fate of mdividuals durmg epidemics— those 
"ho succumbed had encountered highly a milent organisms, and those who re- 
acted, less virulent organisms m small doses, thus bccommg imm u n ized (Text- 
^S- 1) These explanations of epidemics drawn from experiments on mdividual 
"dher than herd mfection remamed firmly entrenched until the advent of ex- 
^^c"tal epidemiology m 1920 

The thml penod of epidemiological knowledge, that of direct experiment on 
ufeefion m animal herds, was ushered m by W W C Topley m his Goulstoman 
hecture of 1919 (1) That he accepted at the outset the current theories of epi- 
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demiology is clear from his conclusions, “ we are thus left with a conception 
of the virus of a given disease being distnbuted fairly widely throughout the world 
as an apparently harmless parasite on the human host, but taking on durmg 
epidemic periods a new and sinister r6Ie, only to relapse''agam into comparative 
quiescence as the epidemic subsides” Again he states, “while there seems 
httle room for doubt that increased pathogemcity of the parasite must play an 
essential part in the rise of the wave of disease, it is much more difficult to decide 
on the relative importance of vanations in the powers of parasite and host in 
bringmg about its deohne” These views, however, have undergone a radical 
change as experimental data have accumulated 
Topley then stated what we consider to be the fundamental vieivpomt of ex- 
perimental epidenuologists “In any attempt to obtam information on such 
pomts as these by experimental observation it is clearly necessary to work with 
some organism which is known to give rise to epidemic disease among the animals 
utilized” And agam m 1921 he states (2) “The experiments here reported form 
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Fowl Pasteurella — ^Mouso (la) 

Rabbit “ “ (lb) 

Fowl “ Fowl (Id) 

the prehminary steps in an attempt to tnvesltgaie the laws which govern the spread 
of bacterial infection among an animal population, by observations earned out under 
conditions which are as far as possible experimentally controlled” The basic pro-^ 
cedure was and has contmued to be the experimental induction of epidemics of 
some native mfection among populations of small animals 
The experiments m epidemiology covering a period of 20 years are readily 
divisible mto those which concern a) the development of working models of epi- 
demics, b) the study of the mechanisms govemmg spread of infection m these 
workmg models, and c) the orgamzmg of the resultmg experimental data . 

Working models of simple epidemics in hitherto unexposed populations have been 
set up mth a number of representative pathogemc agents (Table If) The most 
classic models were obtamed by using microorgamsms of high pathogenicity and 
mfectivity Such organisms, however, failed to survive m the population and to 
carry on the infection Epidemics produced with these agents of high pathogenicity 
and mfectivity but low persistence are designated Type la The following expen- 
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menta illustrate the sort of epidemic which follows the mtroduotion of 
FnedlSuder like organisms into populations of susceptible mice 

This organism had been observed to spread readily among certam expenmen tal 
mouse populations and to give rise to highly fatal pneumonias (3) Thus, m 
September, 1926, epidemics of pneumonia occurred “spontaneously” and 
abruptly in three of four expenmental populations of mice under observation 
Each epidemic was characterized by an explosive onset, a rapid mcrease m num- 
ber of deaths to a peak followed by an abrupt dechne, and a subsequent penod of 
very low death rate The epidemic mortahty curves tended to the bell form, 
more than 60 per cent of each population succumbed (Text-Eig 2) A Fned- 
linder like organism was recovered m pure culture from nasal passages, 
lungs, and blood of fatal cases and from sick mice The source of this infection 
was never determined but was suspected as being the caretaker who suffered 
from chrome smusitis and from whom the same organism was reco\ cred 



We produced epidemics of this Fnedlilnder hke pneumonia expenmentalJy 
among populations of previously uoexposed mice by introducing a snail number 
of camera m the followmg manner 

Experiment A — On November 5, 1926, a population of healthy mice was set 
up by assemblmg ten Rockefeller Institute mice m a large standard cage and 
adding two healthy individuals daily thereafter On December 29, with the 
populaUon numbering 101 mice, two healthy miigmnta received a naLl instilla- 
tion of 0 03 cc of broth contammg approximately 100 Enedlander bocilh This 
stram (No 18) had been isolated from the nares of a earner midiiay betiieen two 
epidemics and was deaignated, therefore, as an mter-epidemio stmin On two 
succeeding days, the two mmiigrants received smuior treatment, so that a total 
of SIX infected mice were added to a populaUon of 101 normal anunals Sub- 
sequently tv, 0 healthy mice were added daily to the population 

The results of this experiment are shown m Text-Fig 3 The “experimental 
earner*' immigrants died 6, 35, 15, 18, 9, and 60 days respecUvely after instiilaUon 
of the Fnedlfinder baciUi hleaanhilo, the infection spread rapidly to the 
healthy population The number of daily deaths increased quite reguiarlj to a 
peak of thirteen on Januaiy 12 By January 19, 15 days m all, 88 mice had died 
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and the population, including subsequent daily immigrants, was reduced to 46 
Throughout the epidemic the dead mice showed the typical Fnedlander bacillus 
lesions and yielded the organisms mostly m pure culture Following this epi- 
demic a qmescent penod ensued, during which time the immigrants mcreased the 
total population to 69 Then a second outbreak occurred, reaching its peak on 
the 5th day with the death of ten mice, and lastmg 13 days, with a total mortality 
of 85 Subsequently mortalities ceased and the immigrants mcreased the popula- 
tion census from a low level of ten to 94 No further Fnedlander outbreaks 
occurred and the infection, disappeared 

Fxpenment B —On February 18, 1927, Experiment A was repeated m duph- 
cate Two groups of 100 healthy Rockefeller Institute mice were each placed m 
standard cages They were observed for 33 days and remamed healthy except 
for losses by fightmg, which were replaced On March 23, twelve additional mice 
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Text-Fig 3 (Expbhimbnt A) Expbhimbntal Epidemic oe B Fhiedlandbbi in Mice 

each received a nasal mstiUation of 0 03 cc of broth contammg about 100 Fned- 
hinder organisms, stram No 18 Six of these mice were then added to ope popu- 
lation (No 9) and six to the other (No 10) Four days later deaths occurred 
amongst the moculated immigrants and explosive outbreaks of great seventy took 
place m both communities Withm 3 weeks, 80 to 90 per cent of each population 
had succumbed to Fnedlander pneumonia At about this time, daily immigra- 
tion of two healthy mice per population was commenced The mfection 
smouldered m endemic form but finally, after 2 to 3 months, disappeared com- 
pletely (Text-Fig 4) 

These expenmental epidemics of Fnedlander pneumoma m hitherto unexposed 
populations simulate closely those which had been observed to occur “spontan- 
eously” They illustrate, moreover, one of several ways m which pathogemc 
microorganisms affect populations when they gam access for the first tune The 
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highly pathogenic Fnedlander bacilh spread rapidly throughout the susceptible 
mouse populations, givmg nse to highly explosive, fatal epidemics, but failed to 
become established m survivors An analysis of factors responsible for the 
various features of these epidemics follows later 
Another sort of epidermc syndrome is observed when a microorganism of high 
pathogemcity is brought mto contact with a hitherto unexposed population m 
which it has little or no natural tendency to spread or persist, unless certain fac- 
tors are properly modified (Type lb) Illustrative of this situation are expen- 
ments on pneumococcus Type III epidemics in mice 

Pneumococci from human sources are known not to spread readily from one 
mouse to another by contact, nor do they generally prove fatal, when inhaled, 
unless special measures are taken, such as injections of alcohol But certain 
pneumococci do prove fatal to mice when instilled mto the nasal passages m the 
followmg manner 

Fifty strains of pneumococci isolated from human cases or earners withm 72 
hours of test were grown for 18 hours m broth and diluted so that 0 03 cc of 
suspension contamed about 150,000 organisms 
0 03 cc was instilled mtranaaally mto twenty Rockefeller Institute mice 3 
months of age They were then placed m mdividual jars Tests of abibty of 
pneumococci to spread from nasally infected mdividuals to contacts were made 
by placing ten nuce mfected mtranasally mto a smgle cage, and 6 to 48 hours 
later addmg ten healthy, unmoculated mace, and one or two additional healthy 
mice each day thereafter Nasal earner tests were made on the entire population 
at frequent intervals and bactenological tests on mice dying during the penod of 
observation The results of 69 titrations of 50 strains showed Type III pneu- 
mococci, especially those from cases of pneumonia, to be high m intranasal viru- 
lence and m tendency to spread to healthy contacts 21 5 per cent of the Type 
III strains were low m nasal virulence, however, and mdividual strains showed 
marked differences 

These results led us to study many Type III strams and finally to select those 
with the highest nasal pathogemcity and tendency to spread These strains 
were then tested for their ability to mcite epidemics among young mice of highly 
susceptible strains (4) Of more than twenty tests, only a few showed explosive, 
highly fatal epidenucs In no test did the pneumococci persist m the population 
The followmg protocol illustrates the more explosive form of epidemic 
Experiment C — On December 14, 1932, thirty Rockefeller Institute mice were 
each given a nasal instillation of 0 03 cc of broth containmg approximately 
150,000 pneumococci. Type III On December 15 they were added to a popula- 
lon of forty healthy mice of the highly susceptible white-faced strain Two days 
later, ten healthy immigrants were added, on the followmg day, five, on each of 
the next 2 days, ten, and five daily thereafter (Text-Fig 5) 

On December 17, four of the mfected mice died and showed pneumococci, T 3 rpe 
m, m pure culture m blood and lungs Three died on the followmg day with 
similar findings Altogether and withm 17 days, fourteen of the thirty mfected 
mice died — 16 6 per cent The survivors, although tested later for earners, 
remained free of pneumococci 
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On December 19, Us o of the healthy mice died with pneumococcus pneumonia, 
on tho following days, se\ cn, five, four, two, and five respectively The epidemio 




88 


LESLIE T WEBSTER 


among the healthy mice declined after days, but not until 60 mice had suc- 
cumbed, mostly mth proved pneumococcus, Type III, pneumonia Thereafter 
the mortality became sporadic and ceased after another 20 days , Nasal earner 
tests were made but no pneumococci were recovered Shortly thereafter the 
experiment was discontinued 

Clear-cut working models of simple epidemics in hitherto unexposed populations 
{Type 1) were first set up m our laboratory (1930) Previously Topley had 
devoted his attention to events m mfected populations followmg the addition of 
susceptibles and Amoss had done the same thmg aside from his onginal expen- 
ment Thus the epidemics developed by Topley as well as those by Amoss must 
be considered as Type 2, because they involved previously exposed populations 
In this instance, two cages of five mice each were fed B typhi-munum and placed 
midway m a row of twenty cages each contaimng five healthy mice In the next 
23 days, six of these fed mice died of mouse tjnphoid and six of the 100 contacts. 
On the 32nd day, forty more cages each containing five healthy imee were placed 
on adjommg shelves Seventy days later, 62 per cent of the onginal contacts and 
50 per cent of the subsequent contacts succumbed to mouse typhoid (6) The 
experiment had drawbacks m that mortahty curves were plateau-, rather than 
bell-shaped, the supposedly healthy populations were actually not free from ty- 
phoid, and the spread of mfection from mfected to healthy animals depended 
entirely on the vaganes of the attendant 

A graph showing the time distnbution of deaths was similar m every way to 
graphs showmg mortahty among populations of mice m which mouse typhoid was 
spreadmg spontaneously (Lynch) (6) In 1930 we showed that if a few mice 
given an mtranasal instillation of mouse Friedlander pneumonia bacilh are placed 
m a cage with 100 normal mice, an epidemic results smular to spontaneous out- 
breaks observed m like populations (Text-Fig 3) Fmally, we showed that Class 
1 epidemics could be mduced by admimstenng to each mdividual constituent of a 
population a fixed dose from a smgle culture of organisms This was ac- 
complished with proper doses of mouse typhoid and mouse Friedlander pneu- 
monia orgamsms It was noted that the mortality curves followmg this expen- 
mental mfection of individual mice were similar to those which resulted 
when mfected and normal mice were brought together, and likewise similar to the 
mortahty curves following spontaneous outbreaks 

In each of these models the cause, reservoirs, and transmission are known 
What accoimts for the shape of the epidemic curve? Clearly, in the case of the 
epidemic followmg experimental mfection of mdividual mice, fluctuations of 
virulence and dosage are ruled out smee they are experimentally fixed It is not 
unhkely that virulence and dosage are constant when normal nuce are brought to 
an mfected herd and when mfected mdividuals are introduced mto a normal herd 
We are left, then, with one knoivn variable to account for the shape of the curve 
differences m the power of mdividuals to resist the mvadmg agent At this 
pomt m the argument, we postulate that the shape of the model curves of Class 1 
epidemics does, m fact, desenbe the individual differences m resistance of the 
population exposed 
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Models of Class 2 epidemics have also been readily produced experimentally 
by addmg fresh, susceptible recruits to an already infected population In 1921 
Topley fed mice a 10 year old laboratory stram of B enienltdu mouse typhoid, 
transferred them to a sm table cage, and added fresh mice thereafter Additions 
viere made at different rates in three such tests and the spread of mouse typhoid 
was observed In each experiment an intercurrent infection with mouse typhoid 
bur'll!! of another serological t 3 T)e marred the otherwise clean-oUt nature of the 
experiment but the significant findmg remamed, that the addition of immigrants 
to each population was followed by a succession of wave hke, enteno epidemics 
and the di^ntmuance of additions brought the epidemics to an end Amoss, 
m 1922 (6), assembled batches of healthy mice m a senes of small cages and m 
their midst placed two boxes of mica fed on mouse typhoid bacilli The attend- 
ant was then allowed to spread the infection About a month later, 200 mice m 
forty cages were added to the population Following this an epidemic of mouse 
typhoid occurred fatal to at least 60 per cent of the mice The time distnbution 
of deaths was similar to that encountered by Lyncli m her observations on spon- 
taneous epideimcs of mouse typhoid The survivmg population was then re- 
crmted to ita onginal numbers, following which another severe epidermc occurred 
fatal to 70 per cent of the entire population A second and a third replacement 
were followed by outbreaks of decreasing seventy These tests were followed 
by others by Greenwood and Topley (1026) (7) who showed that the repeated 
addition of fresh mice to populations infected with Pasteurella is followed by 
recurring epidemic waves Finally, Webster (1930) (8) showed that if immi- 
grants were added to one of three mouse populations mfected with mouse 
Fnedltoder pneumonia bacilh, recurrent epidemics ensued, whereas if at the 
same time and under identical conditions, addition of immigrants was discon- 
contmued m the two remaining populations the Fnedllnder infection died out 
There is no doubt, therefore, that epidemics may be mated m already infected 
populations by the addition of fresh recruits and that epidenucs may be ter- 
minated by the discontinuance of recnuts 
The effect of addmg recruits to infected populations was examined further 
Topley (1921) (9) and later Greenwood and Topley (1926) (7) noted a 
relationship between amount of imimgration and amount of mortahty Thus 
they later compared six infected populations for 7i months to dotermme the effect 
of unmigration rate upon amount and distribution of mortahty Unfortunately 
no two populations wore kept under identical conditions and no two were ex- 
penenoing the same type or types of infection at the same time, and Greenwood 
and Topley agree that the evidence cannot bo regarded as crucial Yet, the data 
do suggest the possibihty that a relatively high and constant immigration rate is 
associated with a relatively high death rate, a short mter-epidemic interval, and a 
regular form of epidemic curve Later, we observed that in four populations of 
mice maintained sunultaneously under identical conditions, infected with Fned- 
Iflndor pneumonia, and mcreased by recruiting two mice per day, epidemic waves 
occurred at a definite population level, lasted a definite number of days and 
reduced the census to a defimtely low level Moreoi er, when mouse typhoid was 
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spreading in similar commumties, the mortality waves occurred at 9- to 11-day 
mtervals AH this suggests that the form, as well as the occurrence of the epi- 
demic waves, may depend upon the rate of immigration of fresh mdividuaJs 

Hainng successfully produced models of Class 2 epidemics, we are ready 
to attack the five mam problems again The causation of these epidemics, be- 
yond the fact that it is m some way bound up with the busmess of addmg immi- 
grants, remains unknown Do the immigrants cause an increase m virulence of 
the agent or an mcrease m dosage, do they increase the susceptibility level of the 
population or act m some other unknown manner? The reservoir of the infection 
IS known to be individual animals already m the population, and the mode of 
tra nsmis sion, contaminated food What detenmnes the shape of the epidemic 
curve — fluctuations in virulence or dosage of the agent, or changes m suscepti- 
bflity of the population? What terminates the epidemic — a progressive drop m 
virulence or a progressive increase m resistance of the population due to weeding 
out of susceptibles or to immumzation of a percentage of constituents? The 
questions thus far remam the same for experimental epidemics as ior similar 
epidemics in Nature and likewise remam unanswered 

In previous paragraphs we traced the history of knowledge of the spread of 
contagious disease m the herd through the pre-expenmental penod, the penod of 
experimentation on infection m the individual, up to the period of experimenta- 
tion on mfection m the herd There we showed how models of the two chief 
classes of epidemics may be produced expenmentally and noted that m the mam 
the same questions remamed for answer m the model epidermcs as in natural 
epidemics We propose now to descnbe experiments lilustratmg how some of 
these problems were attacked 

Smce epidemiologists have emphasized that virulence fluctuates and is respon- 
sible for most of the phenomena of epidemics, it became important to study the 
virulence of specific agents Topley said (1919) (1) “The point, then, which it 
seems necessary to determme is whether a senes of natural passages will indeed 
lead to the evolution of strains of the parasite especially well-eqmpped for pro- 
ducmg disease on the epidemic scale, and whether there is any reason to beheve 
that continued variation along the same fines will result m such modifications as 
will render it less likely to infect new hosts ” He then found on experiment that 
a senes of mtrapentoneal passages of strains of mouse typhoid led not to an in- 
crease but to a decrease m virulence, as Danysz had previously noted He 
thought that strains taken from sick mice were more virulent on mtrapentoneal 
mjection than strains taken from dead mice Hesthen stated that he was not 
justified m assummg that such results represent what happens when passage 
occurs under natural conditions and proceeded to feed cultures to small lots of 
imce and to add recrmts Mice added dunng the early stages of the epidemic, he 
found, largely succumbed, whereas those added later showed an mcreasmg tend- 
ency to escape and, m some cases, all survived He then offered “one mescapable 
conclusion,” namely, that “the cessation of the epidemic is actually due to the 
loss, on the part of the parasite, of the power to infect fresh mdividuals ” Fur- 
ther on he stated that the essential phenomena of an epidemic may be the prog- 
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ress of the virus through a cycle of selective vanations which must be reversed 
m each successive wave And, finally, he remarked that "the cycle of vanation 
passed through by the parasite during an isolated attack of disease is very similar 
to that traversed by the same bacterial virus dunng an epidemic wave ” 

At this pomt we commenced our studies in expenmental epidemiology and 
spent the first years m developing what we think is a satisfactory techmque for 
measuring virulence and, mdeed, dosage and resistance of the host as well At 
the outset we agreed with Topley, that artificial mjections of bacteria mto animals 
do not measure bactenal and host factors as they operate m Nature Therefore 
we perfected techmques for measunng these factors under natural conditions 
In the case of mouse typhoid, animals were given a numerically measured dose of 
organisms from a smgla (often sm^e-cell) culture into the stomach by tube 
■When response to pneumonia produomg organisms was tested, fixed doses were 
instilled intranaaally These procedures were followed by an mcubation penod 
similar to that m the spontaneous disease, by an amount and distribution of sick- 
ness and death, and by lesions entirely comparable with those m the natural 
disease We regard this procedure, therefore, as an accurate measurement of 
virulence, dosage, and host susceptibihty 

Let it be noted at once, however, that as in Nature, the response of animals is 
not uniform Some die promptly after the mi nimum mcubation penod of 0 
days, others succiunb at varying penods up to 30 days and sometimes longer 
The all-important pomt, however, is that this group response is regular and 
predictable if, and only if, batches of twenty or more properly controlled mice 
are employed Mice purchased from dealers, of unknown ago, mamtenance and 
dietary expenence, and frequently infested with parasites or other infectious 
agents have not given predictable results m our hands or m Topley’s Fortu- 
nately wo decided at the outset to effect every control possible of the mice or host 
factor and hence bred our own animals under standard conditions at the 
Rockefeller Institute Consequently we achieved satisfactory results, whereas 
Topley depended dunng the early years of his work on purchased mice and arti- 
ficial methods of measunng virulence 

We have compared the virulence of mouse typhoid cultures obtained from the 
blood of acute cases of mouse typhoid just before death, and from the stools of 
healthy survivors and found no differences. The same results were obtained 
when blood and nasal earner strams of Fncdlander pneumoma orgamsms were 
compared Wo have passed mouse typhoid cultures rapidly through mice in- 
trapentoneallj , usmg a blood culture for passage, and by mouth, using stool 
cultures, and have found no chango m virulence The same has bc^ done with 
Fnedlfinder orgoniams mtranasally The virulence of thirty strmns of fowl 
cholera obtamed at autopsy from fatal coses of the spontaneous wns com- 

pared with that of thirty mno strains cultured from the throats of healthy 
camera, with a slight difference m favor of the autopsy strains. 

The most important titrations, however, were earned out on cultums of or- 
ganisms recovered from populations dunng vanous epidemic and endemic phases 
of infection Comparative Utrations have been made on strains from epidemics 
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of pasteurellosis m rabbits and in chickens, as well as in mice Similar titrations 
have been made during the course of mouse typhoid infection of two serological 
types m mouse populations and of Fnedlander and pneumococcus infection m 
mouse populations A total of 300 or 400 tests have been made under many con- 
ditions to test the theory of fluctuatmg virulence The results were mvariably 
negative and showed a constancy and fixity of disease-producmg power of a given 
stram of organisms under all conditions of natural infection 

Still another method has been used by both Topley and ourselves to compare 
virulence of bacterial strams, namely, that of mtroducmg the test agent mto 
herds of susceptible animals and notmg its potency in spreading and mducmg 
fatal disease Topley states that theoretically virulence may be a very comph- 
cated senes of factors and that disease-producmg power, as measured by the 
natural inoculation of individual mice, may not measure disease-producing power 
as detemuned by the abihty of organisms to cause disease m herds We know of 
no experimental basis foi assuming the operation of additional mysterious prop- 
erties, nor can we conceive of any factor inherent m the agent which would 
operate in the herd and not m the individual Nevertheless, we performed a 
number of tests on mouse typhoid, Fnedlander, and PasteureUa organisms m 
mouse herds in the foUowmg manner A culture was obtamed from an a n i m al m 
extremis at the height of an epidemic wave m an infected population, and others 
from stools or from nasal passages of healthy mice dimng mter-epidemic penods, 
when mortality was rmmma,l Each was admimstered to two or three mice by 
the normal portal of entry and these mice were m turn added to populations of 
healthy mice with no previous exposure to the infection In each instance the 
infection spread throughout the herd and the curves of mortahty among the imce 
exposed to the earner or mter-epidemic cultures were the same as those among 
mice exposed to the epidemic strains Once agam we failed to note differences m 
epidemic or disease-producing capacity of organisms maintained and tested under 
normal conditions 

It 18 appropnate here to insert a statement concerning the changes m virulence 
which we have observed That decreases m virulence of bacteria under the 
artificial conditions of laboratory culture may occur is a commonplace It is, 
indeed, regarded as somewhat of a triumph when such deterioration is not en- 
countered We have mduced avirulent variants of PasteureUa expenmentaUy 
and m some m stances have brought back the virulence of a stram to its ongmal 
natural pathogenicity We know of no instances except those reported by 
Griffith (10), m which a laboratory stram has been altered to possess a higher 
virulence than that which it enjoyed m Nature Agam we have tested strams 
of PasteureUa from different hosts and found them different in virulence Some 
of them refused to become permanent parasites m the new mouse herds and after 
one or two epidemics failed to survive Others were unable to become 
established m the first place We conclude, therefore, that strams of organisms 
from different sources possess different amounts of herd virulence and that these 
amounts are stable We also accept fuUy that under laboratory conditions 
virulence is depressed, or it may be enhanced to its ongmal level, and, indeed. 
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altered qualitatively, aa in the case of rabies virus But that a given strain or a 
single unit in a given strain of organisms, when maintained under natural condi- 
tions, undergoes fluctuating or discontmuous alterations m disease-producing 
capacity is a theory not supported thus far by experimental facts 
Topley and his associatea recently reached somewhat the same conclusion (11) 
While we define virulence as disease-produoing power under natural conditions, 
he defines it as the potentiahty to induce fatal infection under artificial or natural 
conditions Topley calls mfectivity the power of an organism to spread readily 
from one individual to another and induce m the hosts to whom it spreads a 
significant mfection of any degree of seventy We know of no microscopic agent 
with an mdependent power to spread, but regard spreading as the intervention of 
some outside agency, such aa man’s spreading contammated food to the di n n e r 
plate of the recipient, the spreading of yellow fever virus to the blood of a victim 
by mosqmtoes, or the spreadmg of pneumococci to the nasal passages of a neigh- 
bor by man and subsequently air currents Infectrvity, then, apart from the 
abihty of the agent to induce infection, once gaining access by an outside vehicle 
to the natural portal of entry of the susceptible host, remains a mystery to us ’ 
Topley brings up the statistical approach by stating categoncally the number of 
mice required to obtam a “significant” result. We should agree that his numbers 
may be accurate for the nuce which he employs but that the number required is, 
in each circumstance, a function of the type of animal employed He commences 
his descnption of experiments "by a reference to the only instance m which our 
observations have suggested that an epidemic wove of mouse typhoid has been 
imtiated by the emergence of a virulent and infective vanant from a relatively 
avirulent stnun ” His observations and inferences disregard the possibility that 
differences m the animals nught affect his results and, smce no mention is made of 
duphoation or repetition of the chance differences m mortahty, such happenmgs 
cannot be regarded aa experimentally established Indeed, Topley concludes 
this section as follows “Finally we may note that, though we hove never yet 
demonstrated a clear and indubitable vanation m virulence or mfectivity m Bad 
aerlrycke during an epidemic prevalence, we have never earned out a senes of 
tests on a scale that would ensure the defection of such variants unless they con- 
stituted a high proportion of the total bacterial population We should, how- 
ever, agree with Webster that the evidence at present available suggests that 
Bad aerlrycke tends to retam a constant virulence under a v anety of different 
conditions ” Topley then proceeds to desenbe what he calls “a clear demon- 
stration of an increase m the infeotivity of Pad vmntejtltca dunng epidemic 
spread ” Ho exposed imee to what appears to be a laboratory strum and took a 
culture from one of the few mice whiA died, and then e-xposed a second herd to 
this stram This procedure was repeated until one stram so mtroduced infected 
and killed a majority of the population This strain was then compared simul- 
taneously with the agar stab cultures by moculating twenty five mice intrapen- 

* FiaftUy and moat Important, wo regard nil thcoo proportieo gronpod under tho head of 
virulence or pathogenicity to bo os much on oiprcaoion of host factor* as of bootenol factor*, 
unlc*s proved othorwiao EiporimontolovidoncofortbiaaUtemcntwillbogivenlator 
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toneally with each and placing them m contact with 100 normals Few of the 
mice in contact with the laboratory stram died, whereas 60 per cent of those m 
contact with the herd stram died Intrapentoneal virulence remained about the 
same Now Topley did not repeat this procedure to determine whether the 
happemng was a scientifically reproducible fact Nor has he given us evidence 
that the happemng was due to the agent rather than the mice Later we shall 
demonstrate that precisely this event can be produced experimentally m two sets 
of mice with one culture and not, as Topley says “This senes of tests 
demonstrates quite clearly that virulence and infectivity are not synonymous 
terms, and that the two characters must be studied and considered separately in 
any attempt to analyse the epidemic process from this angle ” Topley 's final 
conclusion on the subject of virulence is as follows “Taking these observations 
as a whole, they seem to us to lend strong experimental support to the view that 
vanations in the character of a bacterial parasite may well be of decisive impor- 
tance m the secular history of any epidenuc disease, and in the determination of 
the differences that have so often been noted m the behaviour of epidemics of the 
same disease occurrmg in different places dunng a relatively short period of time 
We do not think that our evidence supports the view that a variation in the char- 
acters of the parasite is an essential, or even a frequent, concomitant of the evolu- 
tion of a smgle epidemic wave, with its characteristic rise and fall It is m the 
long-distance development of the epidemic process, or m the introduction or 
evolution of epidemic strams among particular herds, that this factor would seem 
to play its most significant part ” 

Pakt 2 The Host Factor 

From a consideration of the viiulence factor and its effect m the field of expen- 
mental epidemiology, we turn now to the 'host factor “What part does it play m 
the nse and fall of epidemics? What determmes survivorship of an epidemic? 
An old and unsolved question among epidemiologists is whether an mdividual 
survives an epidemic because of the acquisition of a specific immumty through 
chance contact with small doses of the infectious agent or because of an imtial 
inherent resistance Do “mdividuals actually differ in inherent resistance? 
Do they succumb to or escape an epidemic accorchng to this imtial resistance?”^ 
“Because of the vast amount of mdirect evidence pointmg to differences and 
fluctuations in host susceptibility and their importance m determmmg the spread 
of infection, it. is fundamentally important to epidemiology that this factor be 
quantitatively analyzed This analysis mast consist of an mvestigation of pos- 
sible racial, mdividual, environmental, and acquired specific components 

The problem of survivorship “was tested in experimental epidermcs by Topley 
and Greenwood and by ourselves Both found that the introduction of B 
ententidis into a population of susceptible mice brought about an epidemic fatal 

’ Report of Dr L T Webster to the Board of Scientific Directors, The Rockefeller In- 
stitute for Medical Research, April, 1938 
■* Scientific Monthly, 1939, 48, 69 
' Old unpublished notes on Monograph 
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to many but leaving survivors Moreover, the additioa of inmngrants main- 
tained the mfection mdefimtely but contmued to spare certam mdmduals longer 
than others Topley and Greenwood regarded these survivors as mdividuals 
unmumred by Bmnll doses of B enlenlidia, we, pu the other hand, considered the 
possibihty that they might have been innately resistant at the outset Accord- 
mgly Topley viewed the constituents of an uninfected population as alike with 
regard to then mitial resistance, we, on the contrary, took the view that 
individuals might differ widely in their imtial resistance Obviously the question 
of survivorship could not be tested directly until not only the average resistance 
of a population at the outset but the resistance of each mdividual was known 
In 1922 (12) therefore, we commenced selective brecdmg experiments to deter 
nune m the first place whether unexposed mdividuals were all alike m their resist- 
ance to infectious agents and, in the second place, whether Imes of urn- 
form susceptibility might be developed Now, some 20 years later, we can state 
definitely that mdividuals do differ widely m their rnitial resistance to baotena 
and viruses Moreover, through strict seleotiie mbreedmg we have developed a 
hue of imce with 95 per cent of the mdividuals highly susceptible to B enlenitdis 
and another hne from similar parentage with 96 per cent of the individuals highly 
resistant ”* 

“The groundwork of experimental knowledge of the mhentance of resistance to 
infectious disease w as laid by workers with plant diseases Biffen, m 1905, cross- 
bred Stroms of wheat resistant to yellow rust with strains susceptible and by 
testing Fi and Fi progeny under field conditions, demonstrated its dependence 
upon a single factor type of mhentance with susceptibihty dominant His 
homoiygous strains were not completely resistant or susceptible, respectively, but 
mainly of high or low resistance Ho noted that modifications m amount of 
available mtrogen mcreased the susceptibihty of genetically resistant individuals 
Burkholder, m 1918, and McRostie, m 1919, studymg the mhentance of 
resistance of beans to anthracnose, employed non infected greenhouse stock and 
controlled dosage by inoculatmg each mdividual m the greenhouse with a similar 
amount of the more pure stram of the infecting agent Each found resistance 
mhented and based upon a smgle factor mechanism with resistance dominant 
Many plant mfootions have now been studied with techniques aiming at once at 
naturalness of mode of infection consistent with adequate control Results were 
compared with those of a field test Resistance was found to be inherited m some 
instances on a multiple and in some on a smgle factor basis with resistance dom- 
mant (resiatanco of wheat to a) stem rust, b) leaf rust, o) bunt, resistance of d) 
barley to rusty blotch, e) cabbage to yellows, f) maize to rust, h) oats to loose 
smut) more frequently than susceptibihty Inborn resistance to one mfection 
generally proved mdependent of jesistance to another No anatomical or phys 
ical mcchamsm has thus far been proved causally related to resistonco or sus 
ceptibihty 

“Workers on mfectious diseases of animals have paid httle attention until 

• Ilsport of Dr L T Webiter to tho Board of Scisntlfio Director*, Tho Ilockcfollcr In 
flUtuU) for Medical Rciciirdi April, 103S 
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recently to the possible regulation of resistance by inborn factors and to the 
differentiation of individuals according fo these factors Common practice 
showed that if a batch of animals was given an mjection of a virulent agent by 
some artificial route, the great majonty succumbed within a few hours Again, 
if less virulent agents, smaller doses, or more natural routes of infection were used, 
a percentage of a random batch of individuals might survive, but if the test was 
run m duphcate or repeated, the percentage of survivors vaned m a random 
manner Greenwood and Topley had expenence with this sort of result and 
attributed differences in survival rate and in the fate of mdividuals to uncon- 
trolled errors of techmque 

“An experimental attack on the question m fowl and rodents was undertaken 
by Frateur m 1924, Roberts and Card m 1926, Lambert and Knox in 1928, Invm 
in 1929, Schott m 1932, and Gowen and Schott m 1933. All bred for resistance 
from survivors of a highly artificial infection and noted a progressively declmmg 
mortahty They crossed the selected survivors with either the ongmal imse- 
lected stock or with a susceptible stram and tested Fi, Fj, and backcross progeny 
Frateur and Gowen and Schott interpreted their figures as suggestmg a single 
factor type of Mendehan inheritance with resistance dominant, the remamder 
accounted for their data on a multiple factor basis These workers employed 
matenals and techniques, however, which rendered their results difficult of in- 
terpretation from an mfectious disease point of view In the first place, the test 
infection was suspected of persistmg m their stock smce survivors were used for 
breedmg The presence of the infection involved neks of dam and sire mfecting 
each other and of a part of the fitter dying from the infection, leavmg survivors 
for later tests which might have proved resistant (a) because of their selection 
through previous infection or (b) because possessed of an active or (c) a passive 
immunity Irwm and Gowen and Schott especially have endeavored to mim- 
mize the sigmficance of a transfer of passive immumty in mfluencmg their data, 
but the probabihty remains that the persistent infection was a factor in 
enhancmg the resistance of their test progeny In the second place, resistance 
has been tested to highly artificial infections, — intrapentoneal mjections of large 
doses, bacteria of low natural mfectivity, — ^without determuung experimentally 
whether such tests were in fact a measure of the resistance of the mdividual to the 
infection m Nature Indeed, experiment has often shown the contrary to be the 
case m that resistance of animals to bacterial infections differed accordmg to the 
portal of entry employed, and animals susceptible by an artificial route were not 
necessarily as susceptible by a natural route, and wx versa In the present state 
of knowledge, therefore, it is important for the worker to mdicate clearly the type 
of resistance he is studying and determine m each instance the degree to which this 
resistance is a measure of resistance in Nature 

“Our mvestigations m mborn resistance commenced in 1922, when it was found 
that batches of ammals bred m the laboratory m an effort to control all possible 
environmental variables, if exposed to infectious agents m a way simulatmg 
Nature, differed from batches of imcontroUed mice of the sort discussed by Green- 
wood and Topley m responding as a group m a relatively predictable manner 
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Moreover, the survival of some mdividuals, as contrasted with the death of others 
under apparently surular and controlled conditions, took on a possible signif- 
icance Although the reaction of a given individual of the group could not be 
predicted, the differences m individual response were regarded as possibly due 
not to technical irregulantiea, but to differences m their degree of inborn 
resistance 

“This idea was supported by experiments showmg that certam strains of mice 
suffered consistently higher mortahties than others following per os instillation 
of mouse typhoid bacdh and also following exposure to a naturally spreadmg herd 
infection Seleotive breeding experiments showed that progeny of individuals 
surviving & per os instillation of mouse typhoid bacilli suffered less mortahty, and 
progeny of mdividuals suocumbmg early to the infection suffered greater mor- 
tahties followmg the test infection than the unseleoted controls In these tests, 
however, the onf^nal population was too small to msure the selection of 
mdividuals with the widest possible differences m inborn resistance charactenstio 
of the strain, and was too small to insure that the selected hues would provide a 
sufficient number of fertile dams Then too, the resistant Imes were bred from 
survivors, and the bread and milk diet produced mice whose mortahties fluctuated 
with season The findmgs, however, m spite of their hmitatiops, pointed con- 
sistently toward the presence of innate differences m resistance Consequently, 
the breedmg experiments were repeated with an original population of 600 to 
cover the susceptibdity range of the strain and allow for selection of optimum 
breeders with progeny exhibiting the desired maximum and minimum mortahties 
Moreover, a diet was used which gave relatively stable mortahty percentages m 
unseleoted controls. Hero, although an error was committed m mnlnng the first 
selection for resistants from survivors rather than from the unexposed progeny 
of mice which were later proved survivors, these selected survivors were proved 
free of infection before bemg mtroduced into the colony, and thereafter seleobons 
were made from unexposed sibhng fitters.’” 

"Technique of Selective Breeding Experiments — ^Tho seleotive breeding of 
Rockefeller Institute mice was earned out m the followmg mannnr 600 females 
were mated at random with 100 males The young were w eaned at 4 weeks At 
this tune the parents were given the standard dose of B ententidis In instances 
m which both parents died withm 10 days after infection, the progeny were 
reserved os the susceptible stock. Subsequent matmgs were made, brother to 
sister In instances m which both parents survived the mfootion, the progeny 
were mjected If all progeny survived, the surviving parents were tested twelve 
times for the presence of B, enicntidis m their stools. Those persistently nega- 
tive w ere mated agom In instances m which two tested fitters survived, a third, 
fitter was obtamed and reserved as the resistant stock Matings w ere then mad e 
brother to sister SubsequenUy, the established breeding slock and all progeny have 
consisted of anwials never exposed to infection Further selections have been made 
entirely on the basis of the progeny test, that is, of per cent mortahty of two ht- 

'J Exp Mod ,1037 68,279 
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ters and fertility of sire and dam In the case of the susceptible lines, animals 
were discarded if two htters showed a mortahty less than 80 per cent, and m the 
case of the resistant lines, a mortahty greater than 20 per cent The tests were 
made at the first of each month At the same tune 50 unselected mice, raised 
under identical conditions, were likewise tested as controls The same mouse 
strain of B ententtdu has been employed throughout, observed carefully, and 
kept under uniform conditions at ice box temperature In so far as can be deter- 
mmed, the strain has not altered 

“It IS important to restate that the colony of about 3,500 mice was contmually 
tested for the presence of mouse typhoid and other mtercurrent infections The 
progeny of susceptible, resistant, and other Imes were housed together at random, 
SIX to eight per cage, after weamng for at least 4 weeks, and no infection took 
place Many samples of normal mice were sacnficed and cultured at autopsy 
Carrier tests on all breedmg stock were made as routme The death rate of mice 
more than 1 week old was less than 0 1 per cent per month All mice found dead 
were autopsied and cultured The stock apparently remamed free of infection 

“Matntenance of Unselected Control Mvx — Housed “with selected mice and kept 
under identical conditions were the breedmg stock and htters of the unselected 
Rockefeller Institute mice Some were bred brother to sister, some were pen 
mbred 

“Text-Fig 6 shows the crude data of per cent mortahty of twenty-six tests on a 
total of 771 unselected, 2,942 selected susceptible, and 2,265 selected resistant 
Rockefeller Institute mice In each test the sets of mice, brought up under iden- 
tical conditions and of the same age, received the stated dilution of the same cul- 
ture Pnor to August, 1931, all received the same dose, later the susceptible 
batches received a smaller and the resistant a larger dose than the unselected 
batches The only known variable which could account for the difierences m 
mortahty was heredity 

“Later expenments m their entirety demonstrated that the mdividual con- 
stituents of any sizable population of mice m which environmental variables have 
been controlled as far as possible differed widely m their innate resistance to 
infectious agents This difference was of the order of 1,000 lethal doses or of 
mortalities to a standard dose of 95 per cent as contrasted 'with 15 per 
cent These innate differences m the resistance of mdividual mice were brought 
out by the progeny test and by the development of Imes from certain mdividuaJs 
by selective breedmg This procedure segregated at the outset mdi'viduals whose 
resistance was maYiTmim or rmmmum, respectively, remammg unchanged for 
twelve generations The resistance of the majonty, however, was mtermediate, 
mcreasmg or decreasmg on repeated selection from generation to generation 
Crossmg the mitially highly susceptible and resistant hues and testing Fi, F 2 , and 
backcross progeny resulted m percentage mortahties m the neighborhood of those 
expected on the basis of a smgle factor type of Mendelian mhentance for resist- 
ance to B mt&ntxdis and to encephahtis virus Resistance proved dominant m 

« J Exp Med ,1933,67,795 
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each matance Moreover, the hutones of the direct descendants in each hne 
(Tables III to V) supported the theory of a single factor type of inheritance, since 
mortahtics m succeeding generations showed mainly no definite progress ivith 
seleoUon but proved relatively stable Consequently, we regarded the above as 
evidence of a smgle mam factor type of inheritance with possibly a number of 
small modifiers. 

“Individuals inherently resistant or susceptible to one infectious or tmao agent 
may or may not prove likewise resistant or susceptible to another Previously 
we noted that survivors of mouse typhoid or mdividuals fed on McCollum 
ration were relatively resistant not only to a subsequent injection of an anti- 
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genically different stram of mouse typhoid but to mercuric ohlondo This in- 
dicated to us that resistance was conditioned not only by specific immumty but 
by non-specifio factors as well The association of resistance to mouse typhoid 
and to mcrcunc chlonde was considered not as necessary nor as an indication of a 
panresistance, as Hill has inferred Bather the parallel ii as one of chance This 
supposition was borne out by studies in which from hybrid stock, bncs were 
segregated with various combinations of resistance and susccptibihty, namely the 
BSVS line, susceptible to two enteno and three respirator) tract bactenal’and 
three virus mfcctions, DKVB hne, resistant to all save rabies, BSVK line sus- 
ceptible to the bactenal and resistant to two of tho three tested virus mfcctions 
and the BRVS Ime, resistant to tho bacterial and susceptible to tho vinii 
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infections And finally, the cross-breeding of these strains and testing of progeny 
brought out the independence of genetic factors governing resistance to B enier- 
xttdis and encephahtis virus, respectively It followed that the amount of m- 


TABLE ni 

Immediate Family Hiatoriea of Inbred B3VS Lines vnth Respect to Mortalities 
Following Test Injections of B ententidis or Virus 


IJHE BACTESlA-StTSCBPUBM-VIEnB-SUSCEPTlaLE A (bSVB) 
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13 
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Totals 

292 

276 

94 2 

616 

466 

88 2 

85 

84 

98 8 

430 
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TABLE IV 

Immediate Family Histones of Inbred B8VR Lines with Respect to Mortalities 



herent resistance displayed by an individual to an infectious agent cannot be 
taken without experiment as a measure of its resistance to another 

“The effect of unforeseen environmental variables on the manifestation of 
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genetic factors was disturbing in canying out this sort of exiienment. Control 
measures were frequently inadequate to prevent variations m results such as the 
sudden mcrease of 15 to 20 per cent in mortality percentages m all lines recorded 
m the present experiments. The expression of genetic factors was conditioned by 
the expression of somatio factors and the experi me nts could achieve at best but a 
measure of the summation effect of both under conditions m which the environ- 
mental ones have been controlled as far as possible 

“In concluding this analysis, we pomt out again the close parall e l ism between 
our findmgs and those of workers on plant diseases 
“The thesis of vanabihty of host resistance and its regulation by inborn and 
environmental factors has both particular and general bearing upon cxpenmcnta- 
tion m infectious disease The particular effect of innate factors on type of 
climcal disease and tissue changes was exemplified in studies on susceptible and 

TABLE V 

Inmediali Pamtly Buicmet of Inbred BRVS L»n« Beeped to MortalUiee 
Following Teel Injedtone of B enienltdte or Virus 


UKX ULCTTMA JlUtRiJIT VZXTIVtVaCZmsiX (UVS) 
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30 
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Totals 

108 

34 

17 3 

69 

87 

08 8 


resistant mice followmg oral administration of B erUenlidis, and nasal adminis- 
tration of pneumococci and encephahtis virus 
“In general, the concept of control of host variables enforces a conservative 
attitude m judging seemmgly contradictory results of different workers unless 
their test animals are comparable m all respects And finally, standardiicd am- 
mals, like pure reagents in chemistry, should provide a means of elucidating many 
of the quantitative problems in infectious disease 
“Thus our assumption become established that mdividuals differ profoundly m 
their inherent resistance to a given infection”’’ accordmg to the followmg con 
elusions from our work published m 1937 
“Under the conditions described m this paper, there may be selected promptly 
from a hybrid stock of rmce, of which 40 to 50 per cent die following a standard 
dose of B enieniulis or St Louis encephahtis virus, lines m which as high as 06 
per cent and as low as 15 per cent succumb Throe hnos,— one bactena-suscep- 

• J Exp Med ,1037,Bi,2S2 
Scientific M^thly, 1939, i8, p 70, under (A) 
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infections And finally, the cross-breeding of these strains and testing of progeny 
brought out the independence of genetic factors governing resistance to B enter- 
itidis and encephalitis virus, respectively It followed that the amount of m- 
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Immediate Family Histones of Inbred BSVS Lines with Respect to Mortalities 
Follovnng Test Injections of B ententidis or Virus 
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TABLE rv 

Immediate Family Histones of Inbred BSVR Lines vnth Respect to Mortalities 
Follovnng Test Injections of B ententidis or Virus 
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herent resistance displayed by an mdividual to an infectious agent cannot be 
taken without axpemnent as a measure of its resistance to another 

“The effect of unforeseen environmental variables on the manifestation of 
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genetic factors was disturbing in canying out this sort of experunent Control 
measures were frequently inadequate to prevent vanations m results such as the 
sudden mcrease of 16 to 20 per cent m mortality percentages m all lines recorded 
m the present expenments. The expression of genetic factors was conditioned by 
the expression of somatic factors and the expenments could achieve at best but a 
measure of the summation effect of both under conditions in which the environ- 
mental ones have been controlled as far as possible 

“In concludmg this analysis, we pomt out agam the close parallelism between 
our findmgs and those of workers on plant diseases 

“The thesis of variability of host resistance and its regulation by inborn and 
environmental factors has both particular and general bearing upon experimenta- 
tion m infectious disease The particular effect of innate factors on type of 
ohmcal disease and tissue changes was exempbfied, m studies on susceptible and 

TABLE V 

ImmedtaU Family Hutonet of Inbred BRV3 Line with Respeci to Mortalities 
FoUomny Test Iryeelione of B enieriiidis or Vims 
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resistant mice followmg oral administration of B entenlxdta, and nasal admmis- 
tration of pneumococci and cncephahtis virus 
“In general, the concept of control of host variables enforces a conservative 
attitude m judgmg seenungly contradictory results of different workers iinlp«n 
their test animals are comparable m all respects. And finally, standardised om- 
mals, hke pure reagents in chemistry, should provide a means of elucidating many 
of the quantitative problems in infectious disease ”• 

“Thus our assumption became established that mdividuals differ profoundly m 
their inherent resista n ce to a given infection”*® accoithng to the followmg con- 
clusions from our work published m 1937 , 

“Under the conditions desenbed m this paper, there may be selected promptly 
from a hybrid stock of mice, of which 40 to 50 per cent die following a standard 
dose of B enienltdts or St Louis cncephahtis virus, lines m which as high ns 95 
per cent and ns low as 15 per cent succumb Three Imes,— one bacteria suscep- 

• J Eip Med , 1037, 85 282 
Scientifio Monthly, 1030, 48 p 70, under (A) 
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tible-vmis-susceptible, one bactena-susceptible-virus-resistant, and one bactena- 
reaistant-vinia susceptible, — ^were regarded as remaining relatively stable after 

approximately twelve generations of selection and brother to sister or line 
mbreedmg 

"Crossmg susceptible with resistant Imes and testing Fi, F2, F3, and backcross 
progeny resulted in mortahty percentages in the neighborhood of those expected 
on the basis tliat resistance to B ententidis and to encephahtis virus was each 
inherited mdependently on a smgle factor basis with resistance dominant over 
susceptibihty 

A bactena-resistant-virus-resistant Ime has been developed from a cross be- 
tween bactena-susceptible-virus-resistant and bactena-resistant-virus-susceptible 
Imes 

“All selected Imes proved uniformly susceptible to a strain of mouse passage 
rabies virus 

“To test whether certain epidemics were due to fluctuations m population 
resistance and whether those individuals who escaped were those most resistant 
at the outset, populations had to be made up of mdividuals whose resistance was 
known This had not been possible until pure-bred Imes of mice of known and 
uniform resistance were developed From the progeny of resistants and suscep- 
tibles descnbed above, contmued mbreedmg and selection have been practised 
for fifteen generations until now Imes of mice are at hand generally mdistmgmsh- 
able except that one is 10,000 times more susceptible to a given infectious agent 
than the other “Therefore, by usmg these mice whose mdividual suscepti- 
bihties, both innate and environmental, were known and controlled, direct 
experimental data have been obtamed for the first tune on the problem of sur- 
vivorship 

“These mice were combmed m vanous proportions to make up populations into 
which mouse typhoid was mtroduced A smgle cage of standard size was used 
for simphcity, although a crowdmg factor exerted a defimte influence on 
mortahty. Mouse typhoid was mtroduced by feedmg B ententidis by stomach 
tube to certam mdividuals and subsequently addmg them to the population and 
permittmg the resultmg infection to spread among the constituents 'naturally' 
Cages were cleaned as routme The modified Steenbock diet was employed 
Dead rmce were autopsied and cultures taken of spleen for identification The 
first problem imdertaken was a study of the epidemiology of mouse typhoid m a 
population m which at least 50 per cent of the mice were known to be inherently 
resistant A typical experiment is descnbed m detail 

“Twenty-four Swiss mice with identifying marks were placed ^m a pen with 
mneteen mice of the selected resistant strain likewise marked 

“Ten mice of the selected susceptible Ime were marked and each given by stom- 
ach tube 0 6 cc of broth contammg 5,000,000 B ententidis mouse typhoid or- 
ganisms Twenty-four hours later they were added to the above population 
The experimentally infected mice commenced dymg on the 6th, and were all dead 

J Exp Med , 1937, 66, 285 

“ Scientific Monthly, 1939, 48, p 70, under (B) 
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of mouBO typhoid by the 9 th day The Swiss contacts commenced dying on the 
16th day and contmued thereafter for 32 days (Text-Fig 7) Dunng this penod 
sixteen Swiss mice (66 per cent) died, of which thirteen were autopaed and proved 
positive for mouse typhoid bacilli This 66 per cent mortality was in accord with 
the prediction based on per os titrationB Wo had, of course, no pnor knowledge 
as to which Swiss individuals would succumb and therefore did not know whether 
the 34 per cent which survived were at the outset inherently resistant or had ’ 
acquired an immumty through non fatal infection and had therefore survived 
Twenty-six days following the last fatahty the eight Swiss survivors were 
sacnhtid and autopsied Five (62 per cent) showed positive spleen cultures and 
one serum agglutinins titenng 1 to 10 The sinking result of this test was that 
itccordmg to predicUon none of the inherently resistant mice succumbed At 
autopsy, however, following completion of the experiment, ei^t (68 per cent) 
had positive spleens The relative proportion of susceptibles and resistants m- 
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footed was similar, although mortahties were widely different. This relationship 
has been pomted out before as indicatmg plainly that so-called infeotivity versus 
virulence phenomena cannot be regarded as distmotive properties of the parasite 
(Greenwood, Hill, Topley and Wilson, 1936) but can be shoivn by epidemiological 
experiment to be phenomena dependent upon host differences 

“The next problem was to test further the selective mortahty among the sns- 
ceptibles and to discover whether any susceptibles could become immunized 
through exposure Each of four populations, A, B, C, and D, was made up by 
combining m a smgle pen twenty susceptibles with twenty resistants, all iden tiffed, 
of these four, the course of the epidemic m population A only is now dosoribed m 
detail 

"Ten white-faced mice, each of which had received the standard dose of mouse 
typhoid bacilh the previous day, were added, the same routino was tlipn earned 
out as described m the previous experiment and ob^rvations wore contmued for 
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44 days. The results are shown in Text-Fig 8 (Population A) 80 per cent of 
the white-faced earners introduced into the pen died of mouse typhoid Mor- 
tahty among the susceptible contacts totalled 76 per cent In contrast, only one 
of thirty resistant contacts succumbed This difference showed clearly that m 
such a population mortality was confined almost exclusively to those contacts ' 
known at the outset to be inherently susceptible The effect of unmigration 
upon selective mortality among both ongmal constituents and the recent recruits 
was then tested, 44 days after the population was first infected, by adding three 
susceptibles plus one resistant three times a week Reoniitmg was discontmued 
2 months later, observations were made for a total of 6 months after recruitmg 
had been commenced The results are shown m Text-Fig 8 The census fol- 
lowing triweekly recruitmg of three susceptibles plus one resistant mcreased rela- 
tively steadily until a maximum of 92 was reached At this pomt an equihbnum 
seemed to be established between number of recruits and amount of mortality 
FoUowmg the cessation of recruitmg, however, mortahty stUl contmued at a high 
rate for about 1 mouth, reduemg the census by more than 60 per cent, 
subsequently few deaths occurred for the last 2 months Throughout the 6 
months’ penod, mortahty was hmited almost exclusively to the innately suscep- 
tible mice and these all died of mouse typhoid The remaimng original 
susceptibles succumbed withm months, thus fading to show any evidence that 
they had been immunized through exposure 83 per cent of reermts succumbed 
withm 6 months, probably all of mouse typhoid In contrast, practically all 
resistants, both ongmal constituents and later reermts, remained well, one died 
but not of mouse typhoid 

Hence “fluctuations m infectmty and virulence m infected mouse populations 
as mvestigated thus far proved to be manifestations of differences m host resist- 
ance rather than m parasite potentialities A smgle strain of mouse typhoid 
bacdh spread equally to resistant and to susceptible mice but showed at the same 
time a high kdlmg potency m susceptibles and a low killmg potency m resistants 
Altenng resistance through diet altered kdhng potency but not mfectivity On 
the other hand, when host resistance factors were kept constant and uniform 
through the use of mice of known susceptibihty, mfectivity and virulence likewise 
remamed constant 

“Mortahty from mouse typhoid m exposed or infected populations was condi- 
tioned by the number of highly susceptible constituents If the number was few, 
deaths were sporadic, if great, epidemic, if susceptibles were depleted, mortahty 
subsided Previously it was known that fresh mice added to an infected popula- 
tion imtiated or mamtamed mortahty at epidemic levels, but their exact r61e had 
remamed uncertam Topley and Greenwood who considered the fresh mice to be 
alike m their individual susceptibihties furnished no experimental data as to their 
function We found that the fresh mice differed m their mitial susceptibihties 
but were m doubt as to whether these individual differences or the average level of 
susceptibility was the moie important It now appeared that the presence of the 
individual with high susceptibihty mitiated the outbreak, no matter what the 

« J Exp Med , 1939, 70, 193 
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general level of susceptibility might be If these individuals were few in number, 
mortahty remained sporadic, if numerous, it became and remained epidemic 
Finally, if and when the susceptibles were depleted, mortahty subsided Thus 
the danger to an already infected population resides not alone m a general fall of 
the resistance level but in an i mmi gration of highly susceptible mdividuals 

A proportion of survivora were infected and remamed the reservoir from which 
the infectious agent spread to mcoming susceptibles 
^^Clearly from these experiments, survivors were the imtially resistant con- 
stituents and there was httle or no tendency for susceptibles to become immunized 
through exposure to chance small doses 

“Reinoculation of survivors, as ordinanly practiced, is not a test of active im- 
munity Armstrong, for example, reported that smce mice surviving nasal in- 
stillation of St Louis virus were relatively resistant to a second instillation, they 
had been immuni zed Such a conclusion was unwarranted without knowledge of 
whether some animals were resistant at the outset or whether all were susceptible 
We have been unable to immunize known susceptible mice by instiUmg nasally 
sublethal doses of St Louis encephahtis virus In our opmion a test for active 
immumty must be made on batches of animals known to be at least 90 per cent 
susceptible to the test agent given by a normal portal of entry 

“Contmued resistance of survivors did not depend necessarily upon the 
presence of bacilh in the tissues If imtial resistance was high, bacilh persisted 
indefimtely m the spleen without harm and without altenng the already adequate 
level of resistance 

“In the foregomg experiments we were mmdful that the resistance actually 
displayed by the individual was a summation of inherent components which were 
altered experimentally, plus environmental ones associated with age, regimen, 
and diet which were kept constant Moreover, we knew by experiments under 
similar herd conditions that diet exerted equally important effects m epidemics 
under conditions in which inherited components were kept constant The mam 
pomt, after all, is that inherited and general environmental components of resist- 
ance are of fundamental importance, whereas immunological components as- 
sociated with infection are of neghgible importance m mouse typhoid infection 
“Therefore, to summarize Under conditions m which mouse typhoid was 
allowed to spread naturally among herds of mice comprised of different propor- 
tions of mdividuals of innately high or low susceptibihty (a) 85 to 95 per cent 
of the innately susceptible succumbed to mouse typhoid m contrast to less than 
5 per cent of the mnately resistant, regardless of whether either constituted 25, 
50, or 75 per cent of the population respectively (b) The survivmg population 
was therefore comprised largely of individuals known at the outset to be mnately 
resistant These resistants were, nevertheless, apt to have become infected and 
to harbor mouse typhoid bacilh m their spleens and feces Under conditions m 
which recnuts were added to survivmg populations comprised chiefly of innately 
resistants among which mortahties had practically ceased (a) Mouse typhoid 
infection spread to both mnately resistant and susceptible recnuts (b) Mor- 
tahty from mouse t 3 phoid was hmited almost exclusively to the mnately suscep- 
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table recruits and was ‘sporadic’ or ‘epidemic’ m cbaraoter accordmg to the num- 
bers and proportion of susceptibles added (c) Innately resistant recruits 
remamed well unless subjected to some non specific hazard, such as heat or over- 
crowdmg, m which case both they and the susceptibles succumbed m proportions 
similar to their relative numbers m the population It was plain that survivors 
m both closed and open type epidemics were almost exclusively the individuals 
known at the outset to have been innately resistant 'There was no tendency for 
known susceptibles to become immumzed through herd exposure at- epidemic 
times, at post-epidemic times m which the dosage of mouse typhoid baciUi was 
relatively small, nor at repeated short mtervals 

Thus, from the results of this work and the mferences and conclusiona to be 
drawn from it, the host factor in experimental epidemiology assumes fundamental 
importance 

The application of “an experimentally developed theory of epidemics to human 
epidemiology mvolves certain difficulties First, it is hazardous to reason by 
analogy from artificial experiments to field observations, where so many unknown 
and perhaps uncontrolled variables are mvolved. The experimental theory, 
however, rests upon data gamed from a controlled study of six native animal 
infections observed under conditions as closely approximatang Nature as possible 
Again , the facta of human epidenuology have been gleaned under aroumstances 
m which many vanables operate and relatively few are controlled — hence they 
are subject to a limited mterpretation ’The present discussion is confined, there- 
fore, to those human infections whose nature and specific agent are fairly well 
recogmzed 

“First of aU, there are human infections whose prevalence fluctuates but little 
during a given year These, of which tuberculosis is an example, are associated 
ivith causative agents whose virulence under natural conditions apparently re- 
mains stable Their relatively high mcidence in wmter and their selective mci- 
dence appear to be due to differences m the seasonal resistances of populations 
and to mdividual differences m resistance 

“The fluctuatmg or epidemic infections of man may be divided crudely mto 
those which are blood borne, food borne, or air borne 'Those which are blood- 
bome — ^yellow fever and malaria, for example — usually arise from infected human 
bemgs or g ru m e ls whose blood has contaminated some insect vector following bite. 
This insect vector m turn pierces the skm of man and mtroduces the mfeotious 
agent mto his blood stream The prevalence of these infections fluctuates 
markedly and epidemics occur of world wide proportaons 'The mfeotaons occur 
chiefly m worm weather and curves of incidence parallel those of prevalence of the 
insect vector and of temperature and hunudity 'That is to say, warm weather 
detenmnes the number of insects, and the number of insects detenmnes the avaD- 
able dosage of the infectaoua agent and consequently the number of human cases. 
The selective mcidence among individuals depends upon differences m their resist- 
ance foUowmg exposure 

“'The food borne infections of man — typhoid and dysentery, for example 

1* J Exp Mod .1830,70,205 
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general level of susceptibility might be If these individuals were few in number, 
mortahty remained sporadic, if numerous, it became and remamed epidemic' 
Finally, if and when the susceptibles were depleted, mortahty subsided Thus 
the danger to an already infected population resides not alone m a general fall of 
the resistance level but m an immigration of highly susceptible mdividuals 

“A proportion of survivors were infected and remamed the reservoir from which 
the infectious agent spread to mcoming susceptibles 

“Clearly from these expenments, survivors were the imtially resistant con- 
stituents and there was httle or no tendency for susceptibles to become immumzed 
through exposure to chance small doses 

“Remoculation of survivors, as ordinarily practiced, is not a test of active un- 
mumty Armstrong, for example, reported that since mice surviving nasal in- 
stillation of St Louis VITUS were relatively resistant to a second instillation, they 
had been immunized Such a conclusion was unwarranted without knowledge of 
whether some animals were resistant at the outset or whether all were susceptible 
We have been unable to immunize known susceptible mice by mstdlmg nasally 
sublethal doses of St Louis encephahtis vmis In our opmion a test for active 
immumty must be made on batches of animals known to be at least 90 per cent 
susceptible to the test agent given by a normal portal of entry 

“Contmued resistance of survivors did not depend necessarily upon the 
presence of bacilh in the tissues If imtial resistance was high, bacilh persisted 
mdefimtely m the spleen without harm and without altermg the already adequate 
level of resistance 

“In the foregomg expenments we were mindful that the resistance actually 
displayed by the mdividual was a summation of inherent components which were 
altered expenmentaliy, plus environmental ones associated with age, regimen, 
and diet which were kept constant Moreover, we knew by expenments under 
similar herd conditions that diet exerted equally important effects m epidemics 
under conditions in which inhented components were kept constant The mam 
pomt, after all, is that inhented and general environmental components of resist- 
ance are of fimdamental importance, whereas immunological components as- 
sociated with infection are of neghgible importance m mouse typhoid infection 
“Therefore, to summanze Under conditions m which mouse typhoid was 
allowed to spread naturally among herds of mice comprised of different propor- 
tions of mdividuals of innately high or low susceptibihty (a) 85 to 95 per cent 
of the innately susceptible succumbed to mouse typhoid m contrast to less than 
5 per cent of the innately resistant, regardless of whether either constituted 25, 
50, or 75 per cent of the population respectively (b) The survivmg population 
was therefore comprised largely of mdividuals known at the outset to be innately 
resistant These resistants were, nevertheless, apt to have become infected and 
to harbor mouse typhoid baciUi m their spleens and feces Under conditions m 
which recrmts were added to survivmg populations comprised chiefly of innately 
resistants among which mortahties had practically ceased (a) Mouse t 3 phoid 
infection spread to both innately resistant and susceptible recruits (b) Mor- 
tahty from mouse typhoid was hmited almost exclusively to the innately suscep- 
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tible recruits and was ‘sporadic’ or ‘epidemic’ m character accordmg to the num- 
bers and proportion of susceptible^ added (o) Innately resistant recrmta 
remamed well unless subjected to some non-specific hazard, such as heat or over- 
crowdmg, m which case both they and the susceptibles succumbed m proportions 
similar to their relative numbers m the population It was plam that survivors 
m both closed and open type epidemics were almost exclusively the individuals 
known at the outset to have been innately resistant There was no tendency for 
known susceptibles to become immimized through herd exposure at epidemic 
tunes, at post-epidemic times iil which the dosage of mouse typhoid baodh was 
relatively small, nor at repeated short mtervals 
Thus, from the results of this work and the mfetences and conclusions to be 
drawn from it, the host factor in experimental epidemiology assumes fundamental 
importance ' 

The application of “an experimentally developed theory of epidemics to tuimnn 
epidemiology involves certam difficulties First, it is hazardous to reason by 
analogy from artificial experiments to field observations, where so many unknown 
and perhaps uncontrolled variables are mvolved ITie experimental theory, 
however, rests upon data gamed from a controlled study of six native animal 
infections observed u n der conditions as closely approximatmg Nature as posable 
Agmn, the facta of hu m an epidemiology have b^ gleaned under eucumstances 
m which many vanables operate and relatively few are controlled— hence they 
are subject to a liimted interpretation The present discussion is confined, there 
fore, to those human infections whose nature and sfiecifie agent are fairly well 
recognized 


“First of all, there are human mfections whoso prevalence fluctuates but httlo 
dii^g a given year T^, of which tuberculosis is an example, are associated 
with cau^fave ^nts whose virulence under natural condiUons appaTnUy i^ 
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axis6 from the mgestion of food, water, milk , etc , to which the causative organism 
harbored by 'man has gamed access and multiphed These diseases are most 
prevalent and become epidemic m tropical chmates and m warm weather Under 
these circumstances the causative agent is best able to multiply m contaminated 
material The mcrease m quantity of the agent or dosage available to the pop- 
ulation IS the immediate cause of the epidenuc 

“Fmally, There is the group of air-bome infections— pneumococcus pneumoma, 
menmgococcus menmgitis, for example — ^which are transmitted directly from 
man to man by contaminated nasopharyngeal secretions without the mtervention 
of any further vector They are most prevalent m cold chmates and cold weather 
and there may assume epidenuc proportions Some condition actmg directly 
upon roan increases earner rates and hence dosage of disease-producmg organisms 
available to the general population Most probably these unknown wmter con- 
ditions reduce the resistance of the general population, since deaths from all 
causes are most numerous at this time And differences in mdmdual resistance 
agam appear to detemune the selective mcidence of the infection 
“Altogether the experrmentally developed theory of epidemics fits the facta of 
human epidenuology better than the h 3 rpothesjs of fluctuatmg virulence In- 
deed, perhaps a crucial test has been the successful combatmg of the blood- and 
food-borne infections through a direct attack upon the dosage factor, that is, the 
control of insects and food and water contamination 
“If the fate of an mdividual during epidemic times depends not upon bhnd 
chance but upon this imtial resistance, efforts to analyze andmerease that resist- 
ance are of fundamental importance to preventive medicine Thus far it ap- 
pears that the basic inherent resistance of an animal to a given infection is not so 
much manifest at the portal of entry or blood stream as m the specific tissues to 
which the agent has a special predilection Thus, in St Louis encephalitis infec- 
tion of mice, the nasal portal of entry of resistants or susceptibles is equally recep- 
tive and the blood stream of both contains no antibodies But once the virus 
reaches its tissue of choice, the bram m this case, it multiphes rapidly m and 
destroys the brain of the susceptible, while m the bram of the innately resistant 
it gams a transitory foothold and causes httle or no damage Finally, studies 
now under way mdicate that the level of resistance which is inherited can be 
altered by many environmental factors, entirely aside from specific vacemes or 
sera Not the least of these factors, for example, is diet Toward a better con- 
trolling and enhancing of the resistance levels of populations and of individual 
man studies are now directed 
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This journal was started twenty-four years ago by Dr Howland and Dr 
Edsall All too soon after its launching it was Edsall’s sorrowful duty to write 
an appreciation of John Howland m June 1926 It is now our turn to write of 
David T.inn Edsall who died on August 12, 1046 
The first impression that Edsall made on one was that he was a big man 
Big m build, large m outlook and broad in grasp of any subject onto which he 
turned his mterest Standing sl\ feet three with a massive head and kmdly 
mien he was ever a striking figure He used to say that in his early years m pe- 
diatncs, some children were afraid of him, they mistook him for a giant And 
the years of his greatest medical activity, 1900 to 1930, had need of giants, for 
this was the penod m w hich Medicme m Amenca threw off provmciahsm and 
the propnetoiy schools and came to its matuntjf From his first professorship at 
Pennsyh ama through his professorship and deanship at Harvard he energetically 
and wisely pushed his plans for the improvement of medical teachmg and the 
promotion of chmcal research His earlj trammg m the laboratory gave him an 
appreciation of what chemistiy might do for medicme and kept him keen to study 
man m relation to his living eniironment, be it the flmd mili eu of man’s mtenor 
or the mdustiy m which man labored His work m Europe and vanous cities m 
America gave him a broad acquamtance with the leaders m medical teachmg, and 
he was always makmg friends with the young men, giving to them freely of his 
wisdom and keeping himself young m point of view All this made him a great 
Dean at the Hanard Medical School Through his membership m many 
sociebes and committees, especially the Board of Trustees of the Rockefeller 
Foundation, he had a great jnfluence on the development of medicine m Amenca 
Dnnng his twentj three active years m Boston ho first reorganized and greatly 
del eloped the medical service at the hlassachusetts General Hospital and then as 
full time Dean of the Hanard Medical School, from 1923 to 1935, he ennched 
that scliool by bnngmg m money to work with, by new concepts of full time 
teachmg, and most of all by good appomtraents He w ns ever on the lookout for 
men, and lianng met them enjoyed them, drew them out and remembered them 
later when positions were open at his own school or elsewhere To use Howard 
j^feans’ phrase, he w as a “statesman m medicme” m the crucial j ears of its great 
development m Amenca 

His friends inll remember him as the kindlj , philosophical compamon of long 
tramps in the countrj He loi-ed the hills of New Englimd and of the Carohnas 
A walk with him brought out the silent cnjojunent of exercise, trees and skj, 
mterspaced with good talk of problems of mutual mterest, a comfortable smoke 
and man} good stones about folks, humble, medical and academic 

Those w ere great daj s and ho w os a great figure m them We shall not sec his 
like again 
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THE OCULAR CECAJSfGES OF PBJjMARY DIFFUSE TOXIC GOITRE 

A Revibw 

AT, AN C WOODS, MX) 

From The Wtlmtr Ophthalmological InetituU of The John* HopUns Hospital and Umvtrsity 

The vanous ocular changes of hyperthyroidjsm occur predommatmgly m 
primary to-ac goitre Ocular changes do not occur in colloid goitre In simple 
adenomatous goitre and secondary to-ac adenoma, ocular changes are rare and 
w hen they do occur are limited as a rule to imnor lid and external signs Ex- 
ophthalmos either rarely or never occurs m secondarj toxic goitre In fact, 
the occurrence of a real exophthalmos m a supposed secondary to-ac goitre 
at once introduces the question of the validity of the diagnosis and theproba- 
blhty of the condition bemg a primary difiuse toxic goitre 

The ocular changes m primary diffuse toac goitre may be divided mto four 
general groups, -nhich maj be present either mdividually or m combmation 
These four groups, and the important signs m each group, are ' 

1 Lid signs These are the signs of Dabymple, von Graefe, Stellwag, Joffroy, 
Gifford and Rosenbach 2 External changes m the bds or eye Excessive 
laonmation and JellmeW’s, Loewi’s and Moebius’ signs 3 Extra-ocular palsies 
and ptoses 4 Exophthalmos 

The vanous statistical studies on the mcidence of ocular changes m different 
types of goitre (1, 2, 3, 4, 5), indicate the hd signs may occur either m simple 
adenoma, m secondary toxic adenoma, or m primary toac goitre, being defimtely 
more frequent m pnmaty toac goitre The axtemal changes, excessive lacnma 
tion, JelUnek’s, Loewi’s and Moebius’ signs are less frequent than the lid signs 
They may be present either m secondaty or primary toxnc goitre, bemg more 
frequent m the latter Extra-ocular palsies and ptoses are rare comphcations 
and occur almost exclusively m true primary toac, or exophthalmic goitre 
Exophthalmos occurs almost exclusively in primarj toxic goitre If present 
m secondaiy toac adenoma it is always of low degree, less than 16 mm 

niD SIOXS OF HTPEHTHmOlDISlr 

Dalrymple’s sign This classical sign is vvidenmg of the hd slit on fixation 
It IS due to a retraction of the upper lid, w-ith resultant enlargement of tho lid 
silt and exposure of a nm of sclera ahoio the upper lunbus It therefore gives 
the impression of exophthalmos, altliough it maj occur without any actual 
protrusion of the oje 

‘ V number of other vaguo ocular changes Imvo been descnbetl as occasionally present in 
primary tojio goitro Tho relationship of theeo vanous ocular changes lagophthalmos 
mjdrIaaiSjpupilIarj incqualU> njstagmus abnormal pulsation of retinal artencs pigmon’ 
tation of conjunctivne bruit over ejeballs, etc to pnmar} tone goitro have not been c« 
tnbliehed and it Is doubtful if they are other than coincidental changes Thoj mil not bo 
considered in this discussion 
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This oculai change in hyperthyroidism was recognized as eaily as 1849, when 
White Cooper (6) described m primary toxic goitre a widenmg of the lid sht 
together inth an apparent protrusion of the eye He gave the explanation of 
his friend Dahymple for the phenomenon He stated that Dalrymple had seen 
several such cases and beheved it was due to an “absence of proper tomcity of 
the muscles by which the eyes aie retamed m then natuial position m the orbit 
and to some degree of venous congestion of the tissues fonnmg the cushion be- 
hind the globes ” This earher description apparently confused the widenmg of 
the lid slit ivith a true exophthalmos However, Dalrymple’s name became 
irievocably associated ivith the sign despite this confusion and this erroneous 
explanation, and today the retraction of the upper hd and ividemng of the 
hd sht on fixation is umversally known as Dalrymple’s sign 

The reti action of the upper hd does not mterfere ivith the closure of the hds, 
although the lowei hd appears to cover a little more of the cornea than normally 
WTen the lids aie closed theie is a lather characteristic fold m the skm above 
the tarsus of the uppei hd (7) 

Holloway reported that m his senes the Dalrjanple sign was present m 46 
per cent of the patients mth piimaiy toxic goitre, m 9 pei cent of patients 
ivith secondary toxic goitre, and m 18 pei cent of patients with simple goitre 
Von Graefe’s sign The ongmal description of hd lag by von Giaefe m 1864 (8) 
leaves little oi nothing to be added He descnbed accurately the distmbance 
of synergistic movements between the upper hd and elevation and depression 
of the globe He noted that m healthy people if the globe were elevated or 
depressed, the upper hd made a coirespondmg motion, while m patients ivith 
primary toxic goitre the depression of the eye ivas not folloived by the usual 
smooth closure of the uppei hd, the hd eithei laggmg behmd the eye, or failmg 
to close as the eye was depressed 

Von Giaefe emphasized that this sign was entirely independent of exoph- 
thalmos, that it might be one of the earliest signs of hyperthyioidism, that if 
exophthalmos latei developed the hd lag might disappear, and that the symptoms 
might vanish when the patient was under the mfluence of morphme oi other 
drugs that affected nerve activity In Hollo w^ay’s series the von Giaefe sign 
w^as present in 80 pei cent of patients wuth primary toxic goitie, in 66 pei cent of 
patients with secondaiy toxic goitre and in 33 per cent of patients wath simple 
goitre 

If the von Giaefe sign is not apparent on first exammation of a patient wath 
hyperthyioidism, it may often be evoked by repeated trials — the phenomenon 
of Koclier Occasionally it is noted tht the uppei hd moves by jeiks on ele- 
vation and depression of the eye — the sign of Boston 

Stellwag’s sign Infiequency of w'mkmg was first described as a symptom 
of pi unary toxic goitre by Stellw'ag m 1869 (9) The late of wuikmg m the 
normal eye is about four times per mmute In prmiaiy toxic goitre this is 
occasionally reduced to twice pei mmute, oi even to longer mteivals The 
mfiequency of wmkmg appeai-s to augment the expression of fixed stare Tins 
sign IS, how'ever, compaiatively rare Von Szily (10) beheves SteUw'ag’s is 
closely related to the presence of exophthalmos 
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Joffroy's sign Wlaen the eyes are rotated upwards, normaUy there occurs 
a synergistic contraction of the levator of the lids, and a contraction of the 
frontalis ivith concomitant wnnklmg of the skm of the forehead In some 
cases of primary toxic goitre, especiallj those charactenied by a positive \ on 
Graefe’a sign, this synergistic action is disturbed The frontalis does not contract 
and there is an absence of the ii nnkhng of the skin of the forehead This symp- 
tom lias first descnbed by Joffroy m 1893 (11) 

Gifford’s sign This i\as first descnbed by Gifford m 1906 (12) It consists 
of dilBculty m eversion of the upper hd In the normal mdividual lookmg doim 
with the eyes closed, the upper lid is readily everted by graspmg the ciha at 
the hd margin and usmg slight pressure with a small rod at the upper edge of 
the tarsus and tummg the hd on this as a fulcrum In patients with primary 
toxic goitre such eversion of the upper lid may be extremely difficult, it not 
impossible In hia onginal descnption, Gifford noted there was an apparent 
puckenng of the skm of the upper retro-tarsal fold He noted that this sign 
occurred early in the course of hyperthyroidism, w as mdependent of the degree 
of exophthalmos, and frequently disappeared as the disease became advanced 
and the exophthalmos pronounced 

Rosenhach’s sign This httle-mentioned sign is essentially tremor of the closed 
hd As ongmaUy descnbed by Rosenbach (13), when patients mth this sign 
are told to close their lids, there is a spasm like contraction of the frontalis 
and facial muscles, the hds do not close forcibly, and there is no appearance 
of foldmg of the skm of the eyelids The lids either blmk repeatedly or, with 
the hd margins barely touching, go into a tremor 

Pathogenesis of the palpebral signs The immediate cause of the lanous 
palpebral signs encountered in prunarj toxic goitre is obviously a disturbance 
of the lid opemng closure apparatus To imderstand the mechanism of this 
muscular disturbance, the general anatomj , action and mnen ation of the va 
nous muscles concerned in the opening and closure of the lids may be rex lew ed 

The xoluntarj elexator of the upper hd is the loxator palpebrae supenons 
The muscle, composed of stnate fibers, arises at the apex of the orbit and ex- 
tends forward m the shape of an isosceles tnangle, lying aboxe the supe 
nor rectus muscle In the fore part of the orbit, the belly of the muscle terminates 
m an expanded tendon known as the "aponeurosis” The antenor edge of this 
breaks up mto fine connectixe fibers, which radiate upwards and downwards and 
are inserted m tlie skm of the hds antenor to the tarsal plate (Fig I) The 
lexator is luncrxated bv the upper dixisiou of the oculomotor, or third cranial 
nerve Closure of the lids is accomplished by contraction of the orbicularis 
ocuh (Fig II), an oval tlim sheet of stnate muscle coxenng the eyelids and 
circum orbital region Ihe orbicularis is mnerxated by the seventh cramal 
none There is an antagonistic activity between the levator and the orbicularis, 
inth a balanced tonus, contraction of the loxator being accompanied by a relax- 
ation of the orbicularis and vice versa 

In addition to these two voluntary stnate muscles there are also mxohmtary 
smooth mubclcs m both the upiier and lower hds, which mfluenco the width of 
the hd aht 3 hese are the tarsal, or palpebral mx oluntary muscles, first de 
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scribed by Muellei in 1859 (14), and beai his name They must not be confused 
ivith Muellei ’s oibital muscle, also described by the same author the previous 
yeai In the uppei lid, the supeiioi palpebial mvoluntary muscle is well devel- 
oped, bemg about 1 cm broad m its antero-postenor length It lies immedi- 
ately beneath the aponeurosis of the levatoi, its fibers arismg fiom between 
the striated fibem of the levatoi The fibei-s pass doumward beneath the aponeu- 
rosis and insert by fine fibeis m the uppei posterioi portion of the tarsal plate 
(Fig III) The action of the superior palpebral mvolrmtai-y muscle is to 
elevate slight Ij-- the upper lid and retract the upper edge of the tarsus In the 
lower Iid the mfenor palpebral mvolrmtary muscle is much less distmct The 
fibeis arise from the fasiculai sheath of the inferior lectus oi from the prolongation 



Fig I Diagram Illustrvting LevatorPalpebkae S uPERiOKis AND M ullee’s 

Palpebrae Muscle 

A = Aponeurosis of Levator, M = Mueller’s palpebral muscle, P = Pretarsal Space, 
T s= Tarsal plate (After Whitnall) 

of this sheath over the super loi oblique The fibers pass forward, dirndmg mto 
two lamellae at the conjrmctival fomix One sheet ends in the bulbar con- 
junctiva, uhile the other enters the lower lid and inserts just shoit of the lower 
edge of the tarsal plate m the fascia The combmed action of these uppei and 
lower mvolrmtary tarsal muscles is to wnden the hd slit Both the superior and 
mferioi mvoluntaiy palpebral muscles are mnei vated by the sympathetic system, 
probably by fibeis direct from the cavernous plexus which enter the thud nerve 
at its point of division in the upper and loner blanches 

AVhile it is obvious that the various lid signs of pnmaiy toxic goitre aie pro- 
duced by some distuibance in the normal lid openmg and closure apparatus, 
the nature of the distuibance, the factois which imtiate it, and the possible 
influence of a concoimtant exophthalmos are not so clear 
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Dalrymple, as early as 1834, stressed the importance of the levator and actu- 
ally believed tliat m addition to retractmg the upper lid it also had a subsidiarj' 
action of shghtly protruding the globe (16) Von Graefc, in 1864, m describmg 
the lid sign which bears his name, attributed it to a spasm of the mvolimtary 
palpebral smooth muscle Stelh%ag, m 1869, assumed that relaxation of the 
orbicularis was the cause of the various hd symptoms The mechanism of the 
various palpebral signs is, ho\\e\ er, probably more complicated than assumed m 
these early explanations The possible r61e of an exophthalmic globe producmg 
pressure changes on the musculature and nenm endmgs m the lids has been 



Fio II DmaEcnov Suowmo Okbicdlaiiis Oculx 
(Aller Wbltimll) 


frequently mentioneil ‘^ince, hoaoxer, all the hd signs of pnmary toxic goitre 
can occur without exophthalmos, the latter, when present, must be considered 
at best but an augmenting mechanical factor 

The complaxitj of the old opening-closure thcorj is illustrated bj certain 
clinical and cxpenmental obserxations of Poos (16) Poos started with the 
assumption tliat the ui\ohintar 3 palpebral smooth muscle had no real dynamic 
function, but only a static or contractile function Py expcnnients ivith 
pharmacological aiul electrical stimulation of the nenes m animals with \anous 
combinations of cxiienmeiital sjmpathctio and facial paralysis, he was able to 
show that under certain conditions relaxation of the orbicularis was accompamed 
not onlj bj some o\ eractioii of the lex ator but also bj actix it j of the inx ohmtary 


118 


ALAN C WOODS 


palpebral smooth muscle, pioducmg a prolonged mdemng of the hd sht There 
was also a concomitant or preceding dilatation of the pupil, mdicatmg the activity 
of the cervical sympathetic system A sumlar phenomenon occurs m emotional 
crises in man In addition. Poos showed that m patients ivith pnmary to\ic 
goitre there was relative relaxation of the orbicularis In a case of umlateral 
exophthalmos in pnmary toxic goitre, this oibiculans relaxation was present 
only on the affected side 

The basic cause of this disturbance m the lid closure-openmg apparatus of 
patients with pnmary toxic goitie probably lies m mci eased instability of the 
sympathetic nervous system, a sympathicotoma, coupled with certam reflex 
relaxations oi conti actions of the voluntary muscle, the exact nature of which 
is not clear, but may or may not be i elated to pressure by the exophthalmic 



Fig III Dissection Showing Mueller's Palpebral, Muscle 
A = Aponeurosis of levator, M = Mueller’s muscle, T = Tarsal plate (After Whitnall ) 

globe Primal ily, it is weU knowm that distuibance in one Imk of the endocime 
chain pioduces changes in the othei glands of mteinal secietion, and there is 
phannacological evidence of mcreased adienal action in some thyrotoxic pa- 
tients (17) It IS also a mattei of univeisal obseivation that organs supplied 
by the adieneigic neiwous sj'stem, the heait, vasculai appaiatus, etc , show an 
mci eased excitability m thyiotoxicosis The assumption of an inci eased tonus 
of the mvoluntarj" palpebral smooth muscle thiough stimulation of the cervical 
S3Tnpathetic has theiefore been advanced 

The possibility cf a central neivous system invohement has been bi ought 
up by numeious aiithom Rollet and Ficment (18) pomted out that the von 
Giaefe symptom occuired not onty m hypeithyioidism, but was also seen 
occasionally m Parkmson’s disease and nith conjugate paialysis of the upward 
gaze Velhagen (19) pomted out that in post-encephalitic Paikinson’s disease 
theie nught occur not only a von Giaefe sign, but also the other eye signs of 
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hyperthyroidism, a Dalrymple, Stelhiag or Moebius sign, and quoted Economo’s 
explanation that these were due to lesions in the extra pyraimdnl tract m the 
neighborhood of the third \ entnole Velhagen also suggested that concentration 
of thyroxm m the tuber cmereum might account for the secondary nervous 
manifestations of thyrotoxicosis, baamg this suggestion on the work of Chitten- 
helm and Eisler (20) Other authors (21) place the site of the ongmal stimu- 
lation in the diencephalon, mth resultmg sympathetic irritation, behevmg that 
a lesion there may be the actual cause of practically all the eve signs of hyper- 
thyroidism 

Whatever may be the pnmary cause, the immediate course of the palpebral 
signs of pnmary toxic goitre is a disturbance of the hd closure-openmg apparatus, 
mvolvmg the orbiculans, the levator, and the palpebral smooth muscles Vary- 
mg degrees of mvolvement of these muscles offer an explanation of all the hd 
signs of toxic goitre 

The Dalrymple sign would be produced by a relaxation of the orbiculans, 
a compensatory over action of the levator and a tome contraction of the m- 
volimtary palpebral smooth muscles to main tain the widenmg of the hd sht 
and produce the fold in the upper hd The von Graefe sign, as ongmallj stressed 
by von Graefe, would depend chiefly on tome contraction of the mvoluntary 
palpebral smooth muscle Stellwag’s sign would obviously be duo to atony or 
relaxation of the orbiculans Joffroy’s sign would be duo to over action of the 
levator, coupled with a disturbance of the synergistic action of the frontalis 
Gifford’s sign would depend pnmanly upon the tome spasm of the mvoluntary 
palpebral smooth muscle Rosenbach’s sign would be produced by a weakness 
or relaxation of the orbiculans, the muscle gomg mto tome contraction on forced 
closure 

Exophthalmos should be regarded only as a contnbutmg or augmentmg 
factor Undoubtedly the majontj of the hd signs reach their maximum dev'elop- 
ment m the presence of an exophthalmos, which m itself forciblj vndeas the 
hd slits and produces pressure on the orbiculans As v on Sidy pomta out m 
lus admirable monograph, the cause for the hd symptoms m hyperthyroidism 
mustbesoughtfor m the following factors, present mvarjing degree Ixmetic- — 
relaxation of the orbiculans and contraction of the levator Static- — tonic 
contraction of tlio mv oluntaiy palpebral smooth muscles Aleclianical — the 
pressure on the lids by the protnidmg globe 

II EXTEILXAL OCOL-VR CIIAAOES IX inTERTUVROlDISlI 

The four widelj different external ocular signs gruupetl under this heading 
are Moebnw’ sign, Jellmek’s sign, Loewi’s sign and cxcessiv o lacrimation The 
four signs have notlimg m common with the exception that the last two may bo 
dependent on sympathetic imtution 

Ifocbms Sqm (22) This is weakness of convergence Of all the eye signs 
of hyperthyroidism this is of the mast doubtful diugucstic significance Weak 
ness of convergence is found m mdividnals with myopia, exophona, unilateral 
amblyopia, etc , imd froquentlv as au isolated muscle inihulance m otlierwi.e 


120 


ALAN C WOODS 


noimal individuals Holloway and his co-authors give the mcidence of con- 
vergence weakness as 10 per cent in prunary toxic goitre, as 40 per cent m second- 
aiy toxic adenoma, and as 14 per cent m patients with simple adenoma of the 
thyroid On the other hand, Sattler believes that when other usual causes are 
iniled out, convergence weakness is an extremely rare ocular comphcation of 
hyperthyroidism When present m primary toxic goitre it is not related to the 
presence of degiee of exophthalmos and cannot be regarded as dependent on a 
mechanical stretching of the recti muscles It has been suggested that Moebius’ 
sign IS due to a central lesion m the basal gangha, siuular to the changes in 
Parkinson’s disease, that it is a symptom of myasthema, or that it may be due 
to organic mfiltration changes m the mtemal recti muscles As a matter of 
fact, its entity as a sign of hyperthyioidism is doubtful, and its cause is unknown 

Sign of J elhnek (24) This is an abnormal pigmentation of the skm of the hds 
and may be associated with similar pigmentation of the mpples and gemtal 
organs It is comparatively infrequent, and when present usually occurs early 
in the course of hyperthyroidism The pigmentation resembles somewhat that 
of Addison’s disease, and suggests some concormtant mvolvement of the adrenals 
as the cause This sign was first described by Rosm and Jelhnek m 1900 (23), 
and agam by Jelhnek m 1904 (24) It is occasionally alluded to as Rosm’s 
sign 

Loewi’s sign This sign is the dilatation of the pupil sometimes observed m 
primary toxic goitre patients when adrenalm is mstilled mto the conjunctival 
sac It IS assumed to be an evidence of h 3 rper-imtability of the sympathetic 
endmgs in the smooth muscle dilator fibers of the ins The phenomenon was 
first descnbed by Loewi m 1908 (25), who observed such a dilatation of the pupil 
m an animal ■with expenmental pancreatic deficiency He suggested that m 
hyperthyroidism such a reaction might be e-vidence of an adrenahn hyper- 
irritabihty caused by thyroto'xicosis 

Excessive lacnmation This mterestmg phenomenon may occui quite early 
in primary toxic goitre, and may even precede the onset of the hyperthyroid 
symptoms by several months (26) It is apparently an mfrequent ocular com- 
plication, although there are a number of isolated cases reported in the htera- 
ture (27) It was first descnbed by Wilbrand and Saenger in 1901 (28), and 
almost at the same tune by Berger (29) It was beheved by Wilbiand and Saen- 
gei that the epiphora was due to overaction of the lacnmal gland through irri- 
tation of the tngemmus and sympathetic fibers supplymg it, and by Berger to 
be a manifestation of S 3 mpathetic hyper-untability It is apparently mde- 
pendent of an exophthalmos or any malposition of the puncta It may occur 
only at mght Gifford noted that it might persist after all the general metabohc 
endence of hyperthyroidism had disappeared and therefore suggested that 
it might be due to an antenor pitmtaiy hormone actmg directly on the lacnmal 
gland A similar suggestion 'vias made by Wahlbeig 130) The histological 
exammation of a lacrimal gland from a patient -with primary diffuse toxic goitie 
was reported by Reese (31), nho found a chiomc dacro-ademtis, ■\nth areas of 
degeneration and edema throughout the gland, and collections of lymphocjffes. 
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the picture being stnkuigly sunilar to the changes sometimes observed m extra- 
ocular muscles 


m EXTRA OCULAR PALSIES 

These are among the more senous of the ocular comphcations Extra-ocular 
paralyses m hyperthyroidism were first noted by Naumann (32) m 1863, and 
ngflin described by Ballet (33) m 1888 They are sometunes known as Ballet’s 
sign Smce Ballet’s paper they have been reported and discussed by mnumerable 

authors They are among the rare comphcations of primary toxio goitre, 
accordmg to Heuer (34) occurrmg m only one of every 300 cases 
The extra ocular palsies of hyperthyroidism may be divided mto ti\o groups 
1 Isolated or multiple palsies, associated mth severe thyrotoxicosis and ex- 
ophthalmos, which together vrth the exophthalmos disappear with the subsidence 
of the metaboho phases of the hyperthyroidism 2 Ocular palsies, either 
isolated or multiple, often afifectmg muscle groups which move the eye m a 
defimte plane and are aluays associated with exophthalmos, but usually without 
severe thyrotoxicosis, iihich persist with the exophthalmos after all the metabohc 
evidences of the hyperthjTOidiam have disappeared 'The second group has 
been descnbed under a number of different names and is perhaps best knoivn by 
the term apphed bv Brain “exophthahmc ophthalmoplegia ” 

I The ocular palsies m the first group usually affect mdividual muscles, 
although they may affect several muscles and may even progress to a complete 
unilateral or bilateral ophthahnoplegm externa, mth or -without ptosis There 
IS no marked preference of mvolvement for any of the extra-ocular muscles in 
this group, although it is frequently stated that there is a tendency for elevation 
of the eye to be first unpaired, -with palsy of the superior rectus, the external 
rectus, mtemal rectus, and obliques bemg later mvolved The isolated paralyses 
are often bilateral and maj affect different muscles m the tno eyes They 
practically ne\er occur -without a conconutant exophthalmos If the axoph- 
thalmos recedes and the thyrotoxicosis is controlled either by subtotal thj- 
roidectomy, or lodme and other medical treatment, the paralyses disappears 

The cause of these muscular palsies is not clear Schiff-Wertheuner and 
Justm Besancon (36), believe the cause is mechamcal due to a weakness and 
stretching of the mctra-ocular muscles This would explam the greater m\ oh c- 
meut of the supenor rectus muscle, smce it is the shortest of the four recti muscles 
It would also axplam the frequent absence of any paralysis of the lei ator It 
would not explam, however, the fact that very high degrees of exophthalmos 
may be present without any paralysis or obvious weakness of anj of the extra- 
ocular muscles 

Other authors have attributed the extra-ocular palsies to orgamo changes 
m the muscles themselves That orgnme changes maj oecur in the volun- 
tary striate muscle m primary toxic goitre was first established bj Askanaxj 
(30), m 1808 This mv estimator studied the stnato muscles of the body, m- 
cludmg the orbital muscles, m patients with exophthalmic goitre and found 
that a Ij mphoc^Tic infiltration with mterstitial fibrosis might occur m all muscles 
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excepting the caidiac musculatuie, as will presently be noted Such changes 
may occui m an advanced degiee m the extra-ocular muscles, especially m the 
exophthalmic ophthalmoplegia gioup These extieme changes are, however, 
qmte raie oi entiiely absent m the fiist group of isolated palsies Mulvany 
(37), who divides the oculai changes of hyperthyroidism mto a “thyiotoxic” 
and a “thyrotiopic” gioup, beheves this first group of isolated palsies are de- 
pendent on specific organic changes produced by the thyrotoxicosis, the changes 
bemg quite unlike those occiurmg m the “thyiotiopic”, or exophthalmic oph- 
thalmoplegia gioup The extia-oculai muscles, Mulvany pomts out, aie some- 
what speciahzed, with fine stiiae and extensive nerve endmgs, and hke othei 
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Fiq IV Eye Muscle in Severe Thyrotoxicosis 

Wasting of muscle fibers with irregularity in size, shape and density (M F ), and degenera- 
tion of new supply (N F ) (After Mulvany ) 

highly speciahzed tissues, aie especially subject to toxic mfluences Undei 
thyiotoxicosis these muscles undergo a special foim of degeneration, consistmg 
of general wasting and irregulaiity of the muscle fibera, extensive and severe 
degeneiation of the abundant neive supply (Fig R^), with loss of stnation of 
the muscle fibers, gianulation of the sarcoplasm and reduplication of the 
saicolemmal muclei (Fig V) This, he beheves, is a thyiotoxic myasthema, 
to be shaiply diffeientiated fiom myasthema giavis Agamst this view, is 
the fact that the biopsy of the extra-ocular muscles m patients with primary 
toxic goitre fiequently shows entuely normal muscles It is also not yet clear 
if the changes descnbed by Mulvany m the “thyrotoxic type” are not early 
manifestations of the changes foimd in the thyiotropic or exophthalmic oph- 
thalmoplegia 

Still othei authois have suggested that changes m the ocular muscles were 
analogous to those so frequently seen m myasthema gravis Along this fine 
Wedd and Peimei (40) reported chmcal observations and autopsy findings m 
an exophthalmic goitre patient wuth ophthalmoplegia and ptosis The authors 
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found changes in the thyroid, adrenal and thymus and beheved the ocular 
palsies were due to a concomitant myasthenia graius Cohen and Kmg (41), 
on the basis of a review of the hteraturo and their own cases noted that similar 
disturbances— lymphatic hyperplasia, suprarenal mvolubon, lymphorrhagia 
m the muscles, lymphocytosis, decreased carbohydrate tolerance — were foimd 
both m exophthalmic goitre and myasthenia gravis, and suggested smular en- 
docrmo and metaboho disturbances were responsible for both diseases Naff- 
iiger and Jones noted the similarity of the histological changes m the muscles 
found m myasthenia gravis Thomer (42) noted that when symptoms of 
thyrotoxicosis and myasthenia occurred together, the symptoms of thyrotoxicosis 



Fio V Ete Muscle in Thtbotoxic OriiTiiAuiopLEaiA 
Loss ot stnaUoQ of muscle fibers granulatiou of sarcoplasin and reduplication of nuclei 
Regenerated nerve busk (N J ) Fat cells (F C ) Pecudo-ginnt cells (P G C ) due to 
breaking down of muscle fibers (iVfter Mulvany ) 

were at a maximum when those of myasthenia were at a minimum— a possible 
explanation of the frequent persistence of the ocular palsies after subsidence 
of the metabohe symptoms 

Somewhat m fat or of myasthenia changes bemg responsible for the ophthal- 
moplegias occasionally observed m exophthalmic goitre is the well knotvu autopsy 
finding that patients with exophthalmic goitre usually show enlarged thymus 
glands, and the results achieted m myusthema gratis by removal of the thymus 
gland (43) Howeter, the suggestion that a concomitant myasthenia gravis 
may be the cause of these extra-ocular palsies is based solely on rather indefinite 
clinical and histological obsert ations, and definitely against the relationslup 
of these palsies to myasthenia gratis is the observation that prostigmine has 
no effect on them 

The suggestion that the palsies may be due to a central lesion has been oc- 
casionally udtanced Tlus howeter would assume separate lesions for the 
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thud, fourth and sixth nuclei, and offeis no adequate explanation for the incon- 
stant involvement of the levatoi , and the constant absence of an ophthalmoplegia 
mtema, when other third nerve muscles are mvolved 

It IS therefore impossible at this time to attnbute any specific and definite 
cause to the extra-oculai palsies of piamaiy toxic goitre There is considerable 
evidence that oiganic changes m the muscles may be a lesponsible factor and 
that othei local causes, such as stietchmg and weakness of the muscles oi the 
general oibital edema which may accompany the exophthalmos, may be con- 
tributmg factois The possibihties of a central lesion produced by thyiotoxi- 
cosis, 01 a conconutant myasthema giavis dependent on a related endocrme 
dysfunction, are somewhat more i emote 

II Exophthalmic Ophthalmoplegia — Malignant Exophthalmos — Progiessive 
Exophthalmos after Thyroidectomy Under these names theie has been desciibed 
a remarkable and not altogethei infrequent syndrome, the essential feature of 
which IS a progressive or persistent exophthalmos, usually associated with ocular 
palsies, moderate thyrotoxicosis and sometimes a relatively low basal metabolic 
rate, the exophthalmos and the ophthalmoplegia often become more mtense 
when the general metabohc phases of the disease are conti oiled by medical 
treatment or thyroidectomy In some cases of hyperthyioidism, a thyroidec- 
tomy may actually precipitate the development of such an exophthalimc oph- 
thalmoplegia Jensen (45) descnbed the disease under the name of mahgnant 
ophthalmos, Bram (46) and other Enghsh authors under the name of exoph- 
thalmic ophthalmoplegia, and Thomas and Woods (39) and latei Gmsburg (47), 
as progressive exophthalmos after thyioidectomy and Means (48) as Graves 
disease with dissociation of thryotoxicosis and ophthalmopathy It is now 
usually spoken of as ‘‘exophthalnuc ophthalmoplegia” and it has been claimed 
it IS a syndrome separate fiom Graves disease It corresponds however to the 
“thyrotropic” type of exophthalmos of Midvany, and the “ophthalmic” type of 
Rundle and Wilson 

Cases of exophthalrmc ophthalmoplegia have been reported by numerous 
authors The exophthalmos may become so extreme that covermg of the eyes 
by the lids becomes impossible The cornea becomes dry and opaque, as in 
keiatitis and lagophthalmos, secondaiy ulceration occurs aqd the eyes may 
be lost (37, 39, 49) Even after bilateral enucleation of the eyes the orbital 
contents may contmue to mciease m size until redundant masses of orbital 
tissue covered mth conjunctiva piotmde through both hd shts (39) 

The diagnosis of exophthalrmc ophthalmoplegia after thyroidectomy has 
been pei formed obviously offers no difficulty The pre-operative diagnosis 
requires a careful exammation of the eyes and the recognition of certam pomts 
m which the protrusion of the eyes and the ocular s 3 miptomatology differ from 
the usual exophthalmos of primary toxic goitie These pomts are as folio 
In the early stages the degree of protrusion may be slight, but it usually progresses 
until it becomes extreme It may be unequal on the two sides Whether 
the exophthalmos is slight or extreme, it is usually accompanied by chemosis, 
swellmg of the lids, reduction in motility of the eye and disturbances m muscle 
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co-ordmation, symptoms of epiphora, hyperemia and edema of the conjimctivae, 
photophobia and a sensation of hard resistance n hen the effort is made to reduce 
the exophthalmos bj pressure on the globes The extra-ocular paralyses and 
disturbances of muscle co-ordination which are a part of exophthalmic oph- 
thalmoplegia haie certam peculiarities, especiallj emphasized by Bram These 
are the frequent miohement of muscle groups movmg the ejes m one plane, 
especially elei ation Only rarely is the ophthalmoplegia total, usually isolated 
muscles, or combinations of the recti and obhques being affected The usual 
thyrotoMO hd signs are absent, edema being the m a iy sjonptom Impairment 
of iTsion from optic neuritis is relatively common Hertz (50) believes the 



Fig \ I Ete Moscle in Exofiithaijiic Ophth-ilhopleoia 
Chronic mjooitia Intemtitml fibroaifl lelanda of I>Tophocjte3 (High power ) 

important points in the earlj diagnosis of such cases are the relatiielj small 
size of the goitre, ,the predominance of ocular complamts, the rapid and super- 
standard response to lodme, and the marked edema 

Histologicallj the extra-ocular muscles in exophthalmic ophthalmoplegia 
usually show marked changes Tliese changes were desenbed bj Burch (51) 
m 1929, and were carefuUt studied by Naffager in 1931 (52), by Fnendenirald 
(38), Thomas and Woods (39), and Ivrdnfeld (53) The changes are essentially a 
hypertrophic my ositis, the hy pertrophied muscles at times enlargmg as much as 
eight tunes the normal size The\ show a chronic myasitis wath mtcrstitial 
fibrosis and etlenia with islands of round cells suggesting lymphocvtic germinal 
centers 

The immediate cause of the ocular palsies m tins group appears to lie m the 
organic changes m the muscles, especially the fibrosis, probably accelerated 
by the strefehmg of the muscles from the high degree of exophthalmos usually 
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present This lattei factoi, the exophthalmos, may explam the fiequency of 
involvement of both supeuoi lecti muscles 
The pathogenesis of exophthalmic ophthalmoplegia is not clear Means (54) 
believes the ocular pictuie is a local manifestation of a geneiahzed metabolic 
abnoimahty in which a fundamental distuibance of body watei and electiolytes 
IS conceined On the othei hand the dimmished secietion of normal thyioxin 
may have an nutating effect on the anteiioi pituitaiy and allow an ovei pio- 
duction of the hypothetical hoimone which acts on the oibital contents Daniels 
( 55 ) believes the origmal cause is a distuibance in the diencephalon, possibly 
piecipitated by some endociine dysfunction in the adienals oi gonads Tins 
activates the anteiioi pituitaiy by way of the hypothahnus The cluneal 
evidence of the occuirence of exophthalmic ophthalmoplegia in patients with 



Fig VII El e Muscles in Exopthalmic Ophthaliiopi egia 
(Low power) 


low basal lates, and the impiovement often noted folloivmg the admmistiation 
of lodme and thyroid extiact, both indicate that exophthalmic ophthalmoplegia 
IS not associated with hypeithyioidism and thyiotoxicosis, oi with an incieased 
secretion of normal thyroxin, but lathei mth hypothyioidism oi a deficient 
secietion of noimal thyroxin Indeed Mai me (56) has suggested that the 
exophthalmos of exophthalmic ophthalmoplegia may be qmte chffeient fiom 
the usual exophthalmos of piimaiy toxic goitie, being produced by orgamc 
changes m the oibit, actual hypeiplasia of the oibital contents, and especially 
hypeitiophy of the extia-ocular muscles, while the exophthalmos of primary 
toxic goitie is pioduced more by edema than actual oiganic hypeiplasia of the 
orbital contents Somewhat similai views were expressed by And (57) as a 
result of his investigations on the expeiimental exophthalmos pioduced by in- 
jections of fnterioi pituitaiy extract He believed that m exophthalmic oph- 
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fchalmoplegia (malignant exophthalmos) the real cause of the exophthalmos lay 
in a degeneiative and fibiotic myopathy, and that this change ivas the result 
of the failure of the patient to establish a propei endocrme adjustment aftei the 
thyroidectomy 

The tieatment of exophthalmic ophthalmoplegia depends on the stage m 
which the disease is recognized and on the degree of exophthalmos and exposuie 
of the eyes If lecogmzed before thyroidectomy, medical tieatment lather 
than operation is mdicated As far as the ocular piognosis is concerned the 
patients usually do better if not subjected to thyioidectomy, which sometimes 
appeals to augment ^aolently the eye symptoms In patients mth piogressive 
exophthalmos aftei thyroidectomy the administration of lodme and thyioxm 
m sufficient amount to mciease the basal rate to +10-16 has been tned although 
favorable reactions are not constant Deep gamma lay or x-ray irradiation 
of the orbit and even of the hypophysis has been tried occasionally ivith some 
success If lochne, thyroxm, and ii radiation are unsuccessful, operative intei- 
ference may be necessary to save the eyes Such local opeiative mterference 
may be either palhative or radical The palhative procedures are designed to 
reduce the chemosis and protect the cornea If the edema of the conjunctiva 
IS so mtense that it threatens the nutrition of the cornea, wedge excision of the 
chemotic conjunctiva has been recommended (58) If the hds cannot be volun- 
tarily closed sufficiently to protect the cornea, lateral tarsorrhaphy to decrease 
the size of the hd sht and to permit closure is often sufficient, but any tarsor- 
rhaphy must be guarded lest the orbital pressure be thus further increased by the 
backivard pressure of the hds and a vicious cycle be imtiated If the exophthal- 
mos IS too great for tarsoirhaphy to be successful, the only other procedure 
possible IS the more radical one of orbital decompression This may be accom- 
phshed either by the removal of the temporal Avail of the orbit (59), or by the 
jSTaffziger operation The removal of the temporal wall of the orbit is best done 
by placmg the skm mcision Avell back m the hair hne, dissecting forward the skin 
and subcutaneous tissue OA^er the temporal muscle, opening the periosteum 
over the outer margin of the orbit and resecting the lateral bony Avail of the 
orbit (60) The orbit is thus decompressed in the zygomatic fossa This gives 
an excellent cosmetic result A\uth marked rehef of the exophthalmos (Fig VIII) 
The Naffziger approach consists in the resection of the loof of the orbit and 
opemng the canal of Zinn by the transfrontal pitmtary approach, decompressing 
the oibit into the ciamal caAuty (61-62) 

rv EXOPHTHALMOS 

Exophthalmos may occasionally be one of the imtial s 3 Tnptoms of pimiary 
toxic goitre, although as a rule it folloAvs the vascular disturbances, the tremor 
and the increase m the basal metabolism The various statistical reports 
indicate it is present m fiom 40 to 90 pei cent of all cases of piimaiy toxic goitie, 
the mean bemg 65 per cent 

The degree of exophthalmos is deteimmed by measuiing the actual distance 
of the apex of the coinea from the mid-hne of the bony margin of the orbit at 
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the external canthus This may be done either by sightmg lateraUy ^ong a 
millimeter rule, or bj one of the vanous exophthnlmometers, Hertels (iJig 
IX) bemg somonhat more accurate, while Ludde’s (Fig X) has the ad\ antage 

of simphcity r ii. a i 

In the normal mduidiial the antero-postenor distance from the external 

margm of the orbit to the apex of the cornea vanes between 12 and 1-1 mm , 
occasionally mnnmg as high as 10 mm It is greater m myopes than m hyper- 
opes protrusion of over 10 mm m the absence of high myopia is regarded 





Fia IX Heutel's ExopirmAUioiiETEn 


as pathological Exophtlialnios roaj , of course, be caused bj a i anety of condi- 
tions other than pnmarj toxic goitre — orbital neoplasm, orbital inSararaation, 
arteno venous aneurjsms, caiemous anus throraboas, tenomtis, etc 

I ho exophthalmos of pnmarj tone goitre may be unilateral but is more 
often bilateral, although often of different degrees m the two ejes It usually 
\anea between 10 and 21 nmi When greater than 21 mm the retracted lids 
muv actually slip beliind the equator ginng the ghustlj picture of almost com- 
plete exposure of the bulbs In lugh degrees of exophthalmos, c won is tlircat- 
cned by desiccation and clouding or ulceration of the exposed cornea 
Exophthalmos per sc does not as a rule produce changes in the optic nerce, 
although m the extreme of the progrcssnc cxophtlialinic ophtlmlmoplcgia 
group wlieii there is marked orbital edema, pressure changes inaj occur in the 
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optic nei-ve These changes usually begin as a bluning of the neuroretinal 
outlines, then actual elevation of the neivehead (Fig XI), produced by venous 
stasis from the oibital hyperplasia In the late stages of exophthalmos pro- 
longed pressure may produce actual death of the neive fibers with secondary 
optic nerve atrophy Papilloedema and optic atrophy aie, howevei, rare com- 
plications of the exophthalmos of primary toxic goitie 




Fig X Ludde’s Exophthalmometee 



Fig XI Papilloedema IN Exophthalmic Ophthalmoplegia 

It IS generally beheved that, mth the exception of the exophthalmic ophthal- 
moplegic 01 thyrotropic group, the exophthalmos of pnmaiy toxic goitre regresses 
aftei contiol of the metabolic phase of the disease Recent studies by Giace 
and Weeks (63) and by Soley (64) cast some doubt on this commonly accepted 
behef Giace and Weeks lepoited theie was no change in the exophthalmos 
foUomng sub-total thju oidectomy m 80 patients inth toxic goitre Soley 
studied m detail 106 patients vrth exophthalmos and pi unary diffuse toxic goitre 
and foUoved 78 of these patients ovei a penod of at least 5 yeais foUowmg sub- 
total thyi oidectomy or uradiation of the thyroid Any changes m the exophthal- 
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mos of these patients -wtia measured -with the Hortel exophthalmometer In 
approximatelr S0% of these patients there iraa an actual average mcreose of 
1 5 mm m the exophthalmos foUowmg treatment In only a small percentage 
(less than 10%) waa there any actual regression of the exophthalmos Soley 
pomted out that from the cosmetic view, pomt, hovrever, the exophthalmos 
appeared to have regressed This he believed due to the disappearance of the 
“stare,” the widening of the hd shta (Dalrymple’s agn) Soley did not divide 
his patients on the basis of exophthalmic ophthalmoplegic, thyrotoxio or thyro- 
tropic, or thyroid and ophthalmic tnies Somewhat similar conclusians were 
reached by Galh Mamuu (65), nho measured any changes m the protrusion of 
the eyes m 126 patients with vanous types of thyroid disease He found that 
m patients who had been recogmred to have had exophthalmos during the 
active phase of their disease, some degree of it always persisted thereafter when 
measurements were made 

It 13 frequently stated m the literature that the exophthalmos of primary 
toxic diffuse goitre disappears after death To check the accuracy of this state- 
ment the hospital and autopsy records of patients dymg in the Johns Hopkins 
Hospital from pnmary toxic diffuse goitre were reviewed There were fifty 
such case records These records showed that m eleven patients there was no 
exophthalmos, m nine others only shght axophthalmos, while m the rcmmnmg 
thirty the cluneal notes repotted moderate or sei ere axophthalmos In tw enty- 
twD of the thirty patients with exophthalmos, 73 per cent, the pathologist notrf 
moderate or advanced exophthalmos at the tame of autopsy In one ease, 
autopsied 84 hours after death, the pathologist reported that e\-treme exoph- 
thalmos persisted In the light of this checkup it appears clear that the oft- 
repeated statement that the exophthalmos of pnmarj toxic goitre recedes after 
death is an error 


PcU/iogencete 

The vanous theones advanced to explam the exophthalmos of pnmary toxic 
goitre may bo grouped under the foUowmg general heads' — 

1 Hypertrophy of the orbital contents 

2 Relaxation of the striated axtra-oculor muscles 

3 Contraction of the smooth muscles of the orbit or hds 

4 Simple edema of the orbital contents 

5 Dilatation of orbital blood \es6el8 

0 Hypertrophic myositis of orbital muscles 

7 The action of an antenor pituitary hormone on the orbital contents 

These vanous theones may bo summarized as foUoira 

1 llyperirophy o/ the Orbital Conients In bis ongranl description of the 
symptomatology of the disease which so often bears his name, Basedow (00) 
suggested that exophthalmos was dependent on an actual strumous hypertrouliv 
or hj^pcrplasia of the orbital contents, especially the fat The accimujy of tlik 
early ohscrvation has been confirmed by histological studj of the orbital con- 
tents of patients with exophthalmos from pnmary toxic goitre and in exoph- 
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thaJmoplegia Smelser’s (67) analysis of the orbital contents in both clinical 
and expenmentally produced exophthalmos mdicates there is a general hyper- 
plasia of the orbital contents in which the fat particularly participates How- 
ever accurate was Basedow’s ongmal observation, it offered no explanation for 
the fimdamental mechanism which uutiates the exophthalmos It is pecuhar 
that fat should be deposited in the orbit in a disease characterized by a general 
wastmg of the fat elsewhere throughout the body 

II RelOiXation of the stnated oculov muscles In 1849 (6) Cooper suggested 
that the exophthalmos of pnmaiy toxic goitre resulted from a relaxation of 
the four lecti muscles, thus allowmg either the normal orbital piessure or some 
additional factoi-s to displace the eyes forwaid Various modifications of this 
idea have cropped up smee then Fisher (68) m 1921 suggested that the de- 
generation m the extra-ocular muscles m exophthalmic goitre produced a re- 
laxation of the recti muscles which was a contributory factor m the exophthalmos 
However, any theory which attnbutes the exophthalmos to a weakemng of the 
extra-ocular stnate muscles without some added factor, oveilooks the fact 
that the eyeball is normally held m a state of equilibrium by the tomcity of 
the extra-ocular muscles, the four recti actmg as retractors, bemg antagonized 
by the obhques which act as protractors Any loss of tomcity m these muscles 
would aSect both the recti and the obhques and would therefore leave the eye 
m a state of “status quo”, and would not explain the exophthalmos Such a 
factor has been postulated by Mulvany, who beheves a relaxation of the extra- 
ocular stnate muscles is a contnbutmg cause m one foim of thyroid exoph- 
thalmos — ^the so-called thyrotoxic type (see below) He desenbes actual orgamc 
changes m the extra-ocular muscles, a so-called thyrotoxic myasthema which 
produces a weakemng and relaxation of the muscles Accordmg to his idea, 
these changes, m conjunction with a contraction of an orbital smooth muscle 
produces exophthalmos m the thyrotoxic group 

A pecuhar variation of this ongmal relaxation theory has recently been 
mtroduced by Spektor (69) He advanced the novel idea that the eye m primary 
toxic goitre is forcibly pulled forward by a contraction of the obhques Spektor 
hypothecated a “stretchmg” center, a lesion of which penmtted relaxation of the 
recti muscles This relaxation or stretchmg of the recti muscles, coupled with 
a contraction of the obhques, produced exophthalmos It is not clear, however, 
why the recti should stretch and the obhques contract 

III Contraction of the Smooth Muscle of the Orbits and Lnds This neuromus- 
cular theory assumes that the exophthalmos of primary toxic goitre is produced 
primarily by excitation of the cervical sympathetics with resulting contraction 
of smooth muscle fibers m the orbit, thus either pulhng or pushmg the eye for- 
ward while a secondary venous obstruction causes orbital edema 

The genesis of this idea hes m an observation of Claude Bernard (70) m 1852, 
who observed that stimulation of the cervical sympathetic m a nima ls produced 
widemng of the hd slits, dilatation of the pupil and exophthalmos In 1858 
Mueller (71) described smooth muscle fibers on the floor of the orbit These 
fibers are known as Mueller’s orbital, or the pen-orbital, muscle, and must not 
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be confused with Mueller’s palpebral muscle In animals this pen-orbital 
muscle is quite a definite entity In the qumea pig it completes the lateral 
wall of the orbit, and m the dog and cat it extends laterally and envelops the 
postenor portion of the eye m a muscular cone In man, however, this pen- 
orbital muscle IS a vestigial affair and la represented only by a few bundles of 
smooth muscle fibers, which cover the supenor aspect of the mfra-orbital fissure 
In its greatest extent it is only 2 to 3 mm wide, deeper m the center, and fan- 
shaped at its extremties, where it spreads m a thm layer over the orbital floor 
Postenorly it may reach back to the annulus of Zinn where some of its fibers 
may be related to the ophthalmic vem Through this small sheet of muscle 
fibers pass a few immll venules This pen-orbital muscle is innervated by the 
cervical sympathetic The only apparent action of the muscle is to tense the 
fascia of the orbital floor 

The evidence m favor of Mueller’s orbital muscle bemg concerned m exoph- 
thalmos IS as follows — 

Mueller, himself, behaved that contraction of this pen-orbital muscle m man 
caused exophthalmos m man, although his early death prevented the presenta- 
tion of any supportmg experimental or chmcol evidence In 1868 (72) a group 
claimed that stimulation of the cervical sympathetic m man caused widemng 
of the hd sht, dilatation of the pupd and exophthalmos Carefully controlled 
eiperunents on the dog and cat m 1904 (73), 1916 (74) and 1936 (76) all clearly 
showed that stimulation of the cervical aympatbetio produces a constnction of 
the pen-orbital smooth muscle cone and a marked protrusion of the eyes m the 
animals The experimental exophthalmos occured even m the ammnlH which 
were decapitated and the head washed free of blood, indicatmg the mdependence 
of the exophthalmos from venous stasis However, venous stasis was still 
believed to be a factor m the toxic exophthalmos m man Later anatomical 
researches (76-77) on the eyes of stUlbom children indicated that a contraction 
of Mueller’s orbital muscle might conceivably cause such venous stasis 'Thus 
Kraus and Frund reported that the development of the pen-orbital muscle 
m man was subject to some variations, that at tunes it might extend along the 
floor of the orbit between the mam venous branches, and by its contraction 
produce a venous stasis, the degree of which might vary not only m different 
mdividuals, but might even vary m the two eyes of the same mdividual 
Despite this evidence, the objections to this neuro-muscular theoiy appear 
to bo insurmountable Primarily, notwithstanding the early claims to the 
contrary, stimulation of the cervical sympathetic system m mnn does not produce 
exophthalmos 'This has been shown by umumemblo expenments on the hvmg 
subject from 1862 (78) to the present timo (79) and is aptly illustrated m the 
somewhat gruesome experiment of Wagner m 1858 (80) Wagner obtained, 
immediately after death, the head of a young woman executed by decapitation 
and stimulated the cervical sympathetic There resulted a widemng of tho 
hd sht and dilatation of the pupil, but no exophthalmos Further, the expen- 
ments illuatratmg the production of exophthalmos m the dog and cat by stimu- 
lation of the cervical sympathetic are not apphcable to mnn where there is anreat 
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anatomical difference and Mueller's orbital muscle is only a vestigial structure 
The exhaustive anatomical researches of Hesser m 1913 (81) showed conclusively 
that m man Mueller's orbital muscle was represented only by a few smooth 
muscle fibers over the mfra-orbital fissure, and transversed only by a few small 
venules Contraction of these fibers could not conceivably alter the position 
of the eye, and compression of the small venules transversmg the muscle could 
not matenally alter the volume of the venous blood m the orbital system, smce 
there are free and numerous anastomoses with the veins of the face Fmally, 
exophthalmos has been reported (82) m primary toxic goitre occumng m patients 
with a pre-existmg complete paralysis of the cervical sympathetic On the 
basis of the available climcal and anatomical evidence, it therefore seems im- 
possible to attribute to Mueller’s orbital muscle any role m the production of 
the exophthalmos of primary toxic goitre 
A variation of the neuro-muscular theory was brought forward by Land- 
strom m 1907 His idea was that exophthalmos was not produced either by a 
contraction of the orbital smooth muscles and a pushing forward of the eye oi by 
venous stasis secondary to such contraction back of the eye but by contraction of 
mdependent smooth muscle fibers around the antenor ocular segment Land- 
strbm reported (83) that m addition to the muscles discovered by Mueller m 
1858, there was another smooth muscle m the orbit, which he descnbed as fol- 
lows — “The antenor portion of the eyeball is surrounded by a cyhndncal muscle, 
consistmg of smooth fibers, with ongin at the orbital septiun and insertion at 
the equatonal region of the eye where it is connected with fascial bands denved 
from the extra-ocular muscles ” The cyhnder is not quite complete m so far 
as it IS mterrupted at the uppermost parts of the eyeball m the region of the 
levator palpebrae supenons Landstrom believed that contraction of these 
smooth muscle fibers forcibly dragged the eye forward It is contraction of 
this supposed muscle, coupled with contraction of Mueller’s mvoluntary palpe- 
bral muscle, and a toxic myasthema of the extra-ocular muscles that Mulvany 
beheves is responsible for the exophthalmos of his thyrotoxic type However, 
Hesser was unable to confirm the presence of any such smooth muscle, and 
completely discarded this theory Troell (84), who beheved the smooth muscles 
m the antenor portion of the orbit noight be concerned m exophthalmos, was 
likeivise totally imable to confirm Landstrdm’s findmgs, and beheved Landstrom 
had been deahng with a few aberrant fibers of Mueller’s palpebral muscle How- 
ever, even were the so-called Landstrdm's muscle an anatomical entity, its 
contraction would appear more likely to retract the yielding tarsal plate pos- 
tenorly rather than drag forward the eye 

IV Edema of the Orbital Contents The theory of orbital edema was ad- 
vanced m 1911 by Sattler (86), who pomted out the fallacies of all theones which 
sought to account for the exophthalmos of primary toxic goitre on the grounds 
either of relaxation of the striate muscles of the orbit, contraction of the smooth 
muscles, or venous stasis He believed the cause of exophthalmos lay m a simple 
orbital edema sunilar to the edema in the hds, and secondary to capillary or 
arteriolar dilatation, such as is seen m the face of many patients with exoph- 
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goitre Ih a case of exophthalmic goitre he reported the histologio 
study of the orbit showed a defiiute edema, and pomted out that toxins could 
produce a selecUve orbital edema, citing as an instance the edema and axoph- 
thalmos resultmg from the injection of paraphenylendiamme m dogs The 
fact that the axophthalmos was beheved to decrease after death was advanced 
by Sattler as evidence m favor of this edema theory As already pomted out, 
this often repeated statement appears to be an error Sattler advanced no 
explanation of the cause of the edema other than a selective toxio action on the 
orbital tissue 

As will presently be pomted out, histological studies of the orbits of patients 
with exophthalmic goitre and of rabbits with expenmentally produced exoph- 
thalmos, have clearly shown that edema flmd is at least one of the components 
of the mcreased orbital bulk Qalh-Mamim (66) has offered the hypothesis 
that m thyrotoxicoBia the orgamsm is mamtamed at the upper lumt of its water 
regulatmg capacity The edema of the orhit m thyrotoxicosis may be explnmed 
by the following TTipchaniam In health the normal tension of the extraocular 
muscles mamtams a certam mtra-orbital pressure In thyrotoxicosis, due to the 
weakness of the muscles which accompnmes the disease, there is a relaxation 
of the recti muscles, a correspondmg drop m tlie mtra-orbital pressure, and an 
escape of flmd from the ves^ mto the orbit This state of affairs may be 
aggravated by other edematogemc factors, such as mcreased pulse pressure, 
decreased osmotio pressure, dilatation of the capillaries and mcreased capillary 
penncabihty 

V Dtlalalton of the Orbital Blood Vatda Vasodilatation of the orbit as 
the factor responsiblo for the exophthalmos of primary toxic goitre has been 
advanced by a number of different authors, and was strongly advocated by 
B Fuchs (86) This theory assumes that as a result of the thyrotoxicosis there 
18 a general disturbance of the vascular innervation, especially of tho ccmcal 
sympathetic system As a consequence there occurs a dilatation of the vessels 
m tho carotid bed and often an actual visible pulsation of the carotid artenes 
The distention of the artenal vessels m tho thyroid gland is one factor m the 
enlargment of the thyroid, and tho vasodilatation m the orbital tissues causes 
an mcreose m tho orbital volume contents and results m an actual protrusion 
of tho eyo As a further support of this theory, the oft-repeated statement that 
exophthalmos recedes after death is advanced 

However, this relatively simple ex-planation does not fit all the known facta 
Tho essential objections to Fuchs’ theory ore (A) congestive phenomena m 
tho eye and orbit ore present only m tho relatively few cases of tho exophthalmic 
ophthalmoplegia typo (B) that vasodilatation in tho orbital bed would not 
account for the histologica] picture of excess orbital tissue (C) that orbital 
veins have no valves and do have numerous antenor and posterior commum 
cations, and (D) tliat the exophthalmos certainly does not constantly recede after 
death 

A vanation of tho vaso-dilatation theory has been advanced by Zappacosta 
(87) Attracted by the earlier expenmenta of Labbd and his coworkers (95, 00) 
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which indicated that in some cases of hyperthyroidism there might be a para- 
sympathetic excitation component, Zappacosta advanced the idea that this 
para-sympathetic activity might play a decisive part m the exophthalmos of 
primary toxic goitre The mechanism of this he conceived to be as follows 
the para-sympathetic activity caused a hyperemia of the retro-bulbar vessels 
This orbital congestion m the presence of a simultaneous sympathetic acti'vuty, 
actmg presumably on the orbital smooth muscle, lead to the protrusion of the 
eyes Thus m the production of exophthalmos, activity of both branches 
of the autonoimc nervous system was therefore necessary In support of the 
presence of para-sympathetic actmty m primary toxic goitre, m addition to 
the pharmacodynamic ,expenments of Labb6 and his coworkers, he cited the 
work of Hess, Eppmger and Faltau In support of a sympathetic over-actmty 
as a factor m the production of exophthalmos he cited the work of Justm-Besan- 
5on (88), who observed that the administration of yohimbm, a S3rmpathetic 
depressant, caused a regression m the exophthalmos of an experimental animal, 
and of Sloer (89), who observed the same phenomenon m patients with exoph- 
thalmos of primary toxic goitre However, much against the theory of Zap- 
pacosta IS the emphasized statement of Justm-Besangon that the exophthalmos 
produced m experimental animals by the mjection of combination of thyroxm 
with sympathetic and para-sympathetic excitmg drugs occurred -without any 
e-vidence of dilatation of the orbital or retmal vessels 

VI Degenerative Myositis The degenerative myositis -with fibrosis of the 
ocular muscles has already been descnbed These changes produce a marked 
mcrease m the size of the muscle, up to three to eight tunes its normal size 
Naffziger and Jones have suggested that this hypertrophy of the extranicular 
muscles may be a contnbutmg factor m exophthalmos, or may be the actual 
cause of the progressive exophthalmos that sometimes follows thyroidectomy 

While it is undoubtedly true that this hypertrophy of the extra-ocular muscles 
frequently occurs, it appears unlikely that such a muscle change could per se 
be the actual cause of exophthalmos, although m many cases it might well be a 
contributory cause Primarily, such changes m the extra-ocular muscles are 
mconstant (38, 39), are present only m a relatively small munber of patients, 
and even m progressive exophthalmos may be entirely absent When present 
it is probably only an accidental phenomenon Similar changes are observed 
m other muscles, especially the diaphragm, m thyrotoxicosis It would appear 
that the hypertrophy of the muscles with a degenerative myositis at best could 
be only a contributory factor to the exophthalmos 

VII The Action of Anterior Pituitary Hormone The conception that the 
exophthalmos of primary toxic goitre is related to the action of an antenor 
pitmtary hormone is the result of a senes of experimental observations The 
first group of experiments are those by Loeb and Bassett (90) m 1929, by Schoc- 
kaert (91) m 1932 and by Loeb and Fnedman (92) m 1932 These mvestigations 
aU showed that m vanous species of annuals the mjection of an extract of the 
antenor pitmtary gland produced -with great regulanty the picture of a pnmary 
toxic goitre, and m many instances a concomitant axophthalmos 



OGOLAB CHANGES OF PRUIARY DIPTUSB TOXIC GOITRB 


137 


The nature of the exophthalmos, its relation to the hyperthyroidism and to 
irritation of the cervical sympatheUo, was then mvestigated by Manne (88) 
and his co-workers, and later by Smelser and others, with somewhat conflictmg 
results First Marme (93) and his associates showed that the mjeotion of both 
methyl cyamde and anterior pitmtaiy extract mdependently would under certam 
conditions cause m expemnental rabbits a thirroid hyperplasia and often an 
exophthalmos If the experimental annnals were thyroideotomized prior to the 
mjeotion, the axophthalmos occurred with great regulanty In the thyroid- 
ectomized animals the development of exophthalmos might be somewhat m- 
hibited by feedmg the animals fresh green vegetables or by the administration 
of lodme and thyroxm, and could be prevented by extnpation of the cervical 
sympathetic gonghon They therefore concluded the cyanide and pitmtary 
exophthalmos were produced by the same means, namely excitation of the cer- 
vicM sympathetica and contraction of Mueller’s orbital muscle The excitation 
of the sympathebo was caused by an antenor pitmtary hormone, m the one 
instance secreted by the experimental animal as a result of the cyanide mjection, 
and m the second case by drreot administration of antenor pitmtary extract 
They beheved the development of this exophthalmos was somewhat dependent 
on a relative thyroid deficiency, and could thus be prevented by the mamtenance 
of a normal thyroid balance through the administration of lodme and thyroxm 
(94) 

Marme and his co-workeis then advanced the following suggestion to explam 
the exophthalmos of primary toxic goitre (94) They pomted out, as is generally 
recognized, that there is a dehcate balance between the vanous endoerme 
glands — the adrenal cortex, the gonads, the antenor pitmtary, and the thyroid 
Especially is there a physiological balance between the secretion of the thyro- 
tropic hormone and the thyroxm need of the body A distmbance m the hor- 
mone secretion of the adrenal cortex or the gonads might result m a compen- 
satory over activity of the antenor pitmtary, with resultmg hyperplasia of 
the thyroid from overseoretion of the thyrotropic hormone, and exophthalmos 
resultmg from excitation of the cervical sympathetic system The increased 
secretion of thyroxm, however, tends to inhibit the exophthalmos, either by 
controUmg the activity of the antenor pitmtary, or possibly by some mdirect 
mhibitory action on the cervical sympathetic The l^k of thyroxm, such as is 
present m thyroideotomized a n i mals , removes this mhibitory factor and allows 
full development of the exophthalmos 

The immediate objection to this suggestion is that, even grantmg excitation 
of the cervical sympathetic and contraction of Mueller’s orbital muscle is the 
mechanism of the anterior pitmtary exophthalmos m animals, such a 
mechanism would not be possible m man where Mueller’s orbital muscle is only 
a vestigial structure This pomt ivas Inter admitted by Manne (96) In favor 
of a possible gonadotropic mfiuenco are the observations that axophthalmos 
13 more common m men than m women, and m the experimental rabbit the 
antenor pitmtary exophthalmos may bo checked by castration of the animal 
and later accelerated by the a dmini stration of testosterone propionate (96) 
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The question, of the possible role of the eervical sympathetics and Mueller’s 
muscle was, however, greatly cleaied by the mvestigations of Smelser (97) 
These mvestigations, which began m 1936, may be summarized as follows 

It was first detennmed that mjections of antenor pitmtary extract m normal 
gumea pigs produced an. mtense stimulation and enlargement of the thyroid 
with accompanymg loss of body weight, but practically no exophthalmos 
Thyxoidectomized gumea pigs similarly treated with antenor pituitary extract 
developed marked exophthalmos, begmnmg as a rule from twelve to twenty days 
after the start of the treatment This exophthalmos did not disappear post- 
mortem The development of the exophthalmos m thyroidectomized gumea 
pigs was u n infl uenced either by the extirpation of the cervical sjmipathetic 
ganglion, or by the pnor surgical removal of Mueller’s orbital muscle 

A study of the orbital contents of these gumea pigs with experimental exoph- 
thalmos showed a 28-30 per cent actual mcrease m the weight of the orbital 
contents of the exophthalmic pigs over that of the controls All of the tissues 
of the orbit, "with the exception of the ventral lacnmal gland, participated m 
this hyperplasia, there bemg 100 per cent mcrease m the fatty connective tissue, 
40 per cent mcrease m the dorsal lacnmal gland, and a 22 per cent increase m 
the size of the extra-ocular muscles 

Histologically the retrobulbar contents of the exophthalmic rabbits showed 
an infiltration of edematous material penetratmg mto the loose connective 
tissue and among the fat cells This material stamed "with eosm and analme 
blue and contamed granules and droplets as well as many lymphocytes scattered 
through the tissue Tig XII shows the orbital contents of a gumea pig "with 
experimental exophthalmos, contrasted "with the orbital contents of a normal 
gumea pig (Tig XIII) The extra-ocular muscles showed an irregulai mvolve- 
ment, usually only one or two muscles bemg affected, "with nests of lymphocytes 
and infiltration of the same edematous material observed m the fatty tissue 
This IS sho"wn m Tig XIV, contrasted with the normal extra-ocular muscles 
of a gumea pig (Tig XV) 

A comparison of the orbital contents of patients who had died with exoph- 
thalmic goitre, "With the orbital contents of the gumea pigs "with experimentally 
produced anterior pitmtary exophthalmos, showed the same general pictme m 
both groups In the human cases Smelser found a general reaction through 
the orbit "With edema and wandering cells m the fat, connective tissue, and 
muscles The edematous material appeared as a smooth matenal stainmg 
"With eosin and anahne blue, penetratmg between the collagenous connective 
tissue, and m some instances between fat ceUs which appeared isolated m an 
eosmophilic medium (Tig XVI), m contrast with a normal human orbit (Tig 
XVII) The wandenng cell mvasion of the orbit of the human exophthalmos 
(Tig XVni) was qmte similar to that of the gumea pig "vwth experimental 
exophthalmos (Tig XIX) The changes m the extra-ocular muscles were 
also similar m both groups, m the human cases the muscle fibers bemg separated 
by an mterstitial edema, together "with infiltration with wandenng cells (Tig 
XX), while the same picture is found m the experimental gumea pig (Tig XIV) 
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Fio \n OnaiTAi Tissue m ExophteauucGdjnEa Pio 
Oodcniatous infilbration of fat asU connSotive tissue Round cell infiltmtion (After 
Smclser ) 



Fia \ni OmiiTvi,FvTorAoRu.vi.CuiNEA Pia 
A region particularlj rich m connective tissue (After Smelicr ) 




Fia XV Normal Extba-Oculak Muscle OF GmireA Pig 


(After Smelser) 
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Fia XVI Orbit OF Humak Exophthalmic Goitre 
Oedematoua mfiltratiOD of fftt and connective tissno Hound cells throughout section 
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Fig XVIII Wvndering Cell Invasion of Okbital Tissue of Human 
Exophthalmic Goitre 
(After Smelser) 



Fig XIX Wandering Cell Invasion of Orbital Tissue of Experimental 

Exophthalmic Guinea Pig 
(.After Smelser) 
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Smelser also studied the effect of iodine, thyroxin and diodotyrosme on this 
axpenmental exophthalmos and on the orbital contents He found that the 
mjection of sodium iodide m the main produced a decrease m the size of the 
orbital contents through a dmunution in the size of the dorsal lacnmal gland 
The mgestion of sodium iodide or diodotj-rosme produced no effect On the 
other hand the ingestion of thyroxin produced a defimte decrease in the entire 
orbital contents, all the orbital tissue bemg mvolved m the n eight loss The 
mjection of thyroxm hkeiiTse partialli inhibited the action of anterior pitui- 
tary extract m producmg an exophthalmos, the incidence of exophthalmos m the 
thyroidectomized gumea pigs receinng both antenor pituitarj axtract and 



thjTuxm bemg 52 per cent against 80 per cent in the ammals receix mg the antenor 
pituitarj extract alone 

Smelser concluded that there nas a marked similanty between the expen- 
mental exophthalmos produced b> antenor pituitarj mjections and the clmical 
exophthalmos of primarj toxic goitre He beliexed that m neither mstance 
was the exophthalmos related to xenons stasis, sjunpathetic imtation, or to 
contraction of the orbital smooth muscle The actual cause of axophthalmos 
was an enlargement of the orbital contents due to interstitial edema, an mcrease 
m the adijKtee tissue, and m the xolume of the muscles associated with some 
cellular mfiltration This enlargement of the orbital contents was m some 
manner secondarj to the action of the antenor pituitarx, but ivhether throueh 
acUon of the tlij-rotropic hormone or some other honnone was not clear Xormal 
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thyroxin has apparently an inhibitoiy effect on the development of the orbital 
hyperplasia He disagreed with the work of Mai me and his associates that 
the exophthalmos produced by methyl cyamde was due to stimulation of the 
antenoi pituitary, and beheved it was m no ivay comparable to the experimental 
anteiior pituitary exophthalmos or the clinical exophthalmos of primaiy toxic 
goitre 

Smelser’s work on the pioduction of exophthalmos m noimal and thyroidec- 
tomized gumea pigs, and on the edema of the orbit and degeneiative changes 
in the muscles was confirmed latei by Paulson (98) The subject was also 
further investigated by Aird (56) Usmg the ordmary alkaline commeicial 
preparations of antenor pituitary extiact, Aird reported that daily injections 
produced an mitial thyrotoxicosis followed by a refractory pei lod, during which 
the exophthalmos occuried In the extra-ocular muscles of these gumea pigs he 
found apparently noth gieat legulanty the histologic changes emphasized by 
Naffziger He then injected gumea pigs with pmified extract of the thyro- 
tropic hoimone of the antenor pitmtary, and again obtained thyiotoxicosis and 
exophthalmos m noi-mal gumea pigs, but found this extract did not produce 
exophthalmos m thyroidectomized pigs On the possibility that some hormone 
other than the thyrotiopic might be concerned m the production of the exoph- 
thalmos produced by anterior pituitary extiact, he mjected a series of animals 
with a pmified adienotropic hormone, but no exophthalmos resulted A further 
analysis of the antenor pitmtary extract ruled out the gonadotropic, mammo- 
tropic and the groudh hoimones as etiological factors m the production of exoph- 
thalmos Aird concluded that this expenmental exophthalmos was related 
to the thyrotropic hormone, and the eaily histological changes of edema were 
identical m the expenmental antenoi pitmtary exophthalmos and the exoph- 
thalmos of primary toxic goitre Likewise the prolonged administration of 
antenor pituitary extract to experimental animals produced the degeneiative 
and fibrotic myopathy he beheved characteristic of mahgnant exophthalmos, 
or exophthalmic ophthalmoplegia 

A somewhat diffeient view of the mechanism of exophthalmos is taken by 
Mulvany Pnmanly he divides hyperthyroidism into three sepaiate entities, 
— a thyrotoxic type being an expression of hypeithyroidism and sympathico- 
toma, a thyrotropic type dependent on pituitary control, and a thyiopathic 
type, exemplified by such local thyroid disease as early neoplasm, infection oi 
lymphoadenoid goitre Only in the thyrotoxic and thyrotropic types does 
exophthalmos occur, and tliese two types of exophthalmos can lie sharply 
diffeientiated 

The exophthalmos of thyiotoxicosis he beheves due to two factom Ihese 
are (A) a sympathicotonia producing a combined spastic conti action of Land- 
stiom’s muscle, the existence of which Mulvany accepts, and Mueller’s orbital 
muscle, and (B) the specialized myasthenia of the extra-ocular muscles due to 
thyrotoxicosis, and aheady described The characteristics of thyrotoxic exoph- 
thalmos are a normal orbital content, the absence of mtra-orbital oedema and 
pressure, the spastic retraction of the lids togethei with other eye signs of sym- 



ocotJlB changes oe primary dhtcsb toxio Gorraa 


146 


J 


pathicotoma, and the quite different type of degeneration of the aYtra-occular 
muscles. 

The exophthalmos of thyrotrophio ongm is due to a straightforward morease 
m the orbital contents, with the hypertrophic and pathologic changes m the 
muscles noted by Burch and Naffoger The pathogenesis of these changes 
may be due to several components, notably the comcident presence of mcreased 
quantities of the thyrotropic hormone and certain sterones, notably testosterone 
Mulvany suggests that the specific action of the male hormone and maybe of 
other sterones on striped muscle may be altered by thyrotropm He cites the 
well known muscular hypertrophy accompanymg vinhsm or resultmg from 
testosterone admmistration, and offers the assumption that the thyrotropic 
exophthalmos may be qmte similar m both experimental animal and m man, 
bemg the expression of a disturbance of both the thyroid and sex secretions 
In any event, the changes m the orbit result m mcreased mtraorbital pressure, 
pushing the eye forward against the hds and startmg a vicious cycle The 
patients show both hyperthyroidism and exophthalmos, but the prime factor 
13 the action of a pituitary hormone on the orbital contents The symptqma- 
tology of this form of exophthalmos and of the thyrotoxio exophthalmos is 
qmte different In the thyrotropic variety there is an mcipient stage m the 
development of the exophthalmos which usually lasts one or two years, but 
may be much shorter This is followed by a second stage of a few weeks or a 
few months m which the exophthalmos rapidly mcreases The third stage is 
that of malignant exophthalmos with comeal ulceration The general sub- 
jective symptoms are pam m the eyes, varymg from a throbbmg ache up to an 
mtense ophthalmic neuralgia, lacnmation, photophobia, and diplopia duo to a 
gradually dovdopmg ophthalmoplegia The physical signs are protrusio bulbi, 
often greater on one side than the other, retraction of the upper hd, due not to 
neuro-spasm but chiefly to mechamcal pressure on the levator from the enlarged 
muscle cone, disturbances of muscle co-ordination, affectmg usually the supenor 
recti from pressure, and due also to mcreased mtra-orbital pressure and degen- 
erative changes m the swollen muscles, and lastly a local vascular alterxlxa 
begmnmg with a dilatation of the conjunctival vessels and progresang up to 
baggmess and finally tme oedema of the hds and conjunctiva, often associated 
with congestive changes m the optic nerves and retina. The seven unerentiul 
pomts shown by thyrotrophio axophthalmos, and absent m thvn-.Vn--. ecoph- 
thalmos, are the subjective phenomena, an unequal development nf ris empli. 
thahnos, the absence of true hd spasm, the frequently higher degrts^Ip-upteeis 
the sensation of hard resistance when an effort is made to r&intsizla^ phthal- 
mos, the presence of congestive features and lastly the ranty J Saytatmn of 
the globes ^ 


Mulvany questions the chmeal entity of oxophthshmj r/L -r 
Ho believes the cases so reported belong cither to the tn-T 

group, m the first case bemg dependent on the sjiecific neurxmaaJxr d ° ^ 

tion ho desenbed, and m the second case dejicndent on ^ egenci^ 

hypertrophied orbital contents 
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In support of these views on the mechanism of exophthalmos and the oph- 
thalmoplegia associated "with hyperthyroidism, Mulvany re"views the hterature 
and cites experimental work which supports his "views Thus he cites the 
work of Labb^ and his co-workers (99 and 100), and of Samton and Hesse (101), 
who reported the production of exophthalmos m rabbits by the combmed 
ad minis tration of thyroid extract and sympathetic stunulatmg drugs, and 
Plummer’s and Wilder ’s studies on the combination of weakness m the quadriceps 
femons and presumably the extra-ocular muscles, and the degree of exoph- 
thalmos, work which is of doubtful statistical value Smelser’s work on the 
histology of the orbital contents of exophthalmic patients is dismissed with "the 
statement such cases were “thought to have Grave’s disease,” and Hesser’s and 
Troell’s work faihng to confirm the anatomical entity of Landstrom’s muscle is 
completely ignored Further, Mulvany does not present factual e"vidence or 
biologic assays to support his statement that m the thyrotropic vanety of 
exophthalmos there is an excess of the th 3 motropic hormone while m the thyro- 
toxic type there is no such excess Bfis descnption of the “thyrotropic” form of 
exophthalmos is, however, meticulous and is qmte similar to the generally 
accepted chmcal picture of exophthalmic ophthalmoplegia 
Mulvaney’s division of primary toxic goitre mto two t 5 rpes, a thyrotoxic and 
thyrotropic type is not new As already stated, the question of exophthalmic 
ophthalmoplegia bemg a distmct syndrome has repeatedly been brought up by a 
number of investigators Means (48) m 1941 di"vided Graves disease mto the 
“classic type”, and “Graves disease "With dissociation of the thyrotoxicosis and 
ophthalmopathy”, referrmg to the latter as ^^e special ophthalmic type” 
In a later paper Means (104) emphasizes that no sharp Ime can be drawn between 
these two types, that m a smgle case the picture may proceed from one type to 
the other, and that m another case the sub-di"vision cannot be made at all 
Hawson’s (103) work on the inactivation of the thyroid stimulatmg hormone 
by thyroid tissue mdicates there is a difference m the beha"vior of this hormone 
in the two types of Graves’ disease Rawson found that the thyroid stimulatmg 
hormone of the antenor pitmtary — called TSH — was mactivated by th 3 Toid 
cells gro"wmg m tissue culture Thyroid tissue from thyrotoxic patients was 
twice as active m this respect as the thyroid tissue from normal mdi"Viduals 
Studies on the thyrotropic, or TSH, activity of the unne of normal mdi-viduals, 
patients "with low metabohc rates, and patients "with thyrotoxicosia showed that 
there was shght thyrotropic activity m the urme of normal persons, a maximum 
thyrotropic activity m the unne of patients ivith low metabohc rates and a 
rmmTT'nm of thyrotropic activity m the unne of patients with the usual “classic” 
type of thyrotoxicosis In other words, the thyroid gland of persons with classic 
thyrotoxicosis has an mcreased power to inactivate TSH However, this is not 
true with “ophthalmic type” of Graves’ disease In two patients with the 
“ophthalmic” type of the disease, Rawson (104) found a high thyrotropic activity 
m the unheated urme He concluded that m> the “ophthalmic” type of the 
disease, for some unknown reason, the thyroid did not respond to the TSH and 
inactivate it, -with the result that the TSH got by activated and so escaped 
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m the unne In other words, there appears to be a distinct difference in the 
behavior of the thyroid gland to TSH in the "classio” and “ophthalmic” types 
of the disease In the “clasae type” the thyroid responds to the antenor 
pituitary hormone with an mcreased output of thyroxin which m turn inactivates 
the TSH In the “ophthalmic type” the thyroid does not respond to TSH, 
with the result the TSH is not inactivated. Theoretically, one might argue that 
the TSH which thus escaped inactivation, then acta on the orbit with resulting 
ophthalmopathy 

If these findmgs of Eawsons are confirmed, and a difference in the behavior 
of the thyroid gland to TSH m the classic and ophthalmic types of the disease is 
established, it would strongly support Mulvaney’s division of the disease mto 
thyrotoao and thyrotropic tjrpes However, the recent mvestigations of 
Rundle and Wilson (106) lend httla support to such a division These mvesti- 
gators examined two groups of patients mth primary toxic goitre, one group 
with marked eye signs which they called the ophthalmic group, and the second 
group with marked thyrotomcosia, with mmor eye signs They found the 
same general pattern of muscle disturbances m both groups, tho picture bemg 
extreme m the ophthalmic group and minimal m the thyrotoMO group They 
found no basis for the contention that exophthalmic ophthalmoplegia was a 
syndrome apart from Graves disease They behaved primary toxic goitre was 
an unified disease, and suggested patients be alluded to as either of the ophthahmo 
or thyrotoiuo forms An analysis of the orbital tissue m thyrotoxicosis by 
Rundle and Pochm (106) showed comparable changes m patients with and 
without eye signs The changes were more marked m the ophthalmic cases and 
consisted of constant changes m the eye muscles, mcludmg the levator The 
most marked changes were however, m the orbital fibro-fatty tissues, which they 
found responsiblo for most of the mcrease m bulk of tho orbital contents 


A critical review of all the various theones and nxpenments on the etiology 
of tho exophthalmos of pnmary toxic goitre permits but one conclusion— the 
problem is still unsolved Notable advances, however, have been made The 
clmical and modem experimental evidence mdicates that exophthalmos is prob- 
ably not related directly to a thyrotoxicosis and not related at nil to a sympathi- 
cotonia The weight of evidence would mdicate that both tho tbyrotoxieosis 
and the exophthalmos are related m some way to tho action of an antenor 
pituitary hormone Hoivover, whether these reactions are due to one or several 
hormones is not clear Any effect exerted by thyroxm appears, relatively at 
least, to influence favorably the exophthalmos, but whetberby direct inhibitory 
action on the orbital contents or by some inactivation of an anterior pitmta^ 
hormone affcctmg tho orbit, is again only a matter of conjecture. WhM t6^ 
deficiency m tho gonads or adrenal cortex may have on the orUaa or secretion 
ol the anterior pitmtary hormone is likewise still unknoTO ilthouAi it T 
considerable rfilo m tho picture maypiaya 

If tho exophthalmos of pnmary toxic goitre is m truth t c 

pituitary hormone, the mea^whichLcomptS^^-^^^,'^^^^ 

Tho anatomical evidence all points strongly to 
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pushed or pulled forward by any muscular action Edema and hypertrophy 
of the Orbital contents with some chrome inflammatory reaction is present 
but whether this is the primary cause of the exophthalmos, or is only a secondary 
reaction which follows the displacement of the eye forward is undetemuned 
Certainly if the eye were displaced forward by some other mechanism, such as a 
preceding dilatation of the vascular bed or by actual traction of the eye forward, 
edema fluid and evidence of chrome inflammation would be expected as a secon- 
dary reaction 

While there is insufficient evidence to justify the theories which assume the 
eye is displaced forward by action of either the stnate or smooth muscles of 
the orbit, the question of a pnmary venous stasis or dilatation of the artenal 
and capillary bed of the orbit cannot so easily be dismissed, although there is 
certainly no real evidence that such occurs Hypertrophy of the extra-ocular 
muscles is an madequate explanation for the usual exophthalmos of pnmary 
toxic goitre, although it may be a contnbutory factor and an important factor 
m the exophthalmos of exophthalmic ophthalmoplegia At present all that 
can safely be said is that the exophthalmos of pnmary toxic goitre appears to 
be hnked up with the action of an antenor pitmtary hormone, but the maimer 
m which this hormone effects the protrusion of the eye, either by direct action 
on the orbital contents, through the production of some unknown metabohe 
toxin, through venous or artenal stasis, through some neural agency, or through 
some other imsuspected mechanism, is not imderstood Once mitiated, how- 
ever, the orbital hjqierplasia may contmue or persist despite the control of the 
metabohe phases of the disease 
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1 INTRODUCTION 

Scrub typhus is an acute febnio diacoso caused by Rickettsia Onentabs and 
chametenzed by a typical prunaiy lesion, generabzed lymphadenopathy, a rash 
and agglutination of B Proteus OX-K by the blood serum The pathologio 
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process may mvolve almost every organ but severer illnesses are characterized 
particularly by clmical signs of extensive mterstitial pneumoma and menmgoen- 
cephalitis The disease has been reported from various parts of Southeast Asia, 
Malaya, the Dutch East Indies, Austraha, Japan and certam islands of the 
Southwest Pacific It is probably much more widespread than hitherto beheved 
to be The following paper is the report of a clmical study, based on 616 cases 
seen m the 20th General Hospital from October 1943 to February 1946 All 
these men contracted the disease m Assam and Burma, where numerous foci of 
scrub typhus, hitherto unsuspected, came to hght durmg the North Burma cam- 
paign of 1943-45 

The vector of scrub typhus has been said to be a larval trombicuhd mite Other 
possible vectors are bemg studied by the U S Typhus Commission at this tune 
The anim als which may act as possible reservoirs for the infection, particularly 
rodents, are also being mvestigated by them Man to man transmission of the 
disease has never been reported, although laboratory infections occasionally 
occur 

A seasonal mcidence has been suspected by some, but our cases do not support 
this behef They occurred at all seasons of the year, the peaks of mcidence bemg 
related to the movement of troops mto certam infected areas irrespective of 
season 

The type of terram where scrub typhus is contracted has been the subject of 
much debate No conclusive facts have been established m this regard How- 
ever, those who have studied the problem m this area suspect (a) the grassy 
banks of water courses and (b) “scrub” or “man-made jungle” — cleared land 
with a regrowth of low jungle The epidermologic data we possess suggest that 
there are numerous locahzed foci m Northeastern Assam and Northern Burma 
where the infection can be readdy acqiured 

An excellent bibhography on the subject of “Tsutsugamushi Disease”, as 
scrub typhus is called by the Japanese, has been published by Earner and 
Katsampes (1), which may be consulted for the details of history and epidemi- 
ology 

2 ORGANIZATION OF THE MATERIAL 

a The cases 

Our 616 pases may be grouped as follows (see fig 1) 

Group 1 Eighty-one Chmese soldiers from supply or trainmg umts along the 
Ledo Road as far south as Shingbwiyang, Burma Most of these appeared m the 
wmter of 1943-4, after which tunfe this hospital ceased to receive the majonty of 
Chmese medical casualties Forty of these cases have already been reported by 
Machella and Forrester (2) 

Group 2 One hundred and thirteen American soldiers from fixed installations 
or positions along the Ledo Road from Lekha Pam, Assam, to Myitkyma, Burma 
These consisted of a small number each month, somewhat mcreased durmg the 
seige of Myitkyma which took place from June to August 1944 The first 24 
cases of this group have been reported (2) 
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Group 3 One hundred and five American patients who had been engaged m 
active jungle combat in the mountains east of the Mogaung Valley and north of 
Myitk^ from March to May, 1944 They had been subjected to pnvations 
and severe physical strain, and them evacuation was difiScult and often impossiblo 
except after several days’ march 

Group 4 One hundred seventy seven cases m Amencans occurring m the three 
autumn months of 1944 among troops encamped and undergoing jungle combat 
trainmg m a heavily infected focus north of Myitkyina Facihties for immediate 
hospitahzation and early evacuation to a general hospital were exceptionally 
good and the troops were m excellent physical and nutntional condition 




Fia 1 Monthly Incxdbnck AifD Mobtautt OF Actjtb ScBUB Ttpiios rEOii ALL Sqceces 

Casea used in the atatlatical eorice of 200 compriao the center row (Apnl to September 
1044) Moat of the oases in the upper row (Novnmbor 1043 to March 19441 
bean report^ by Maohella and Forrester (2) ^ 


Group 6 Seventy-seven American oases m December, Janu^ aid February 

1944^5 These men had been south of Bhamc, Burma, injury combat similar 

to, but less rigorous than, that of Group 3 Evacuation was ertea equally diffi- 
cult and marchmg after the onset of fever frequently 
Group 0 In addition, 63 Amencan patients were tramriced to this hospital 
from other mstallaticns for convalescence or dispoabom ^ 

Thus, Groups 1 and 2 might be considered “endtm^ smee 
“tnckliDg” m more or less throughout the entire jKxd a wide v a^ietv c 
places and orgamzabons Groups 3, 4 and 5 j 

smeo they were admitted m large numbers from cci-*-' ^ 

which spent a limited tune in areas presumed 
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battalion m Group 3, the incidence of scrub typhus was approxunately 10 per 
cent of the command 

The mortahty of the first five groups varied from 0 per cent to 16 per cent (see 
Fig 1) Total mortality for the 553 patients who were acutely ill on amval was 
5 2 per cent (Amencan 5 72 per cent, Chmese 2 4' per cent) 

b. Methods of study 

All 616 cases were used for gathermg of chmcal and pathologic data Tempera- 
ture, pulse ana respiration were recorded every four hours and the flmd mtake 
and output measured during the febnie stage Malaria smears and blood cul- 
tures on admission were routme Semi-weekly blood counts and unnalyses were 
done The Weil-Febx reaction against the three mam Proteus strains (OX-2, 
OX-19 and OX-K), was done at least once a week throughout hospitahzation or 
until a maximal titer was obtamed Regular exammations of the eyegrounds 
were made on all patients Chest X-rays were done when they appeared clearly 
mdicated About 300 electrocardiograms were taken Dunng convalescence, a 
bi-weekly sedimentation rate became part of the routme study and stool exami- 
nations were done for ova and parasites by a concentration method 

The statistics given as percentages m the paper, unless otherwise stated, are 
based on 200 consecutive Amencan patients admitted between Aprd and Octo- 
ber, 1944 (fig 1) These cases were studied more mtensively In addition to 
the above studies, the ma]onty had Kahn tests, Widal agglutmations and stool 
cultures The blood urea mtrogen was detennmed one or more times m 126 
patients, the serum chlondes m 82, and serum protem m 43 Whenever indi- 
cated, plasma carbon dioxide combinmg power and prothrombm level were 
determined Daily blood pressures were taken on some patients One or more 
routme chest X-rays were done on over half the 200 cases Fifty patients had 
electrocardiograms dunng the acute cr convalescent phase Wed-Felix titers 
were followed until they leturned to insignificant levels, or, when negative, for 
two months 

All cases were followed well mto convalescence, the majonty until they were 
completely well Some of the moat severely ill were returned for convalescence 
to the Umted States but even these were not transported until they had been 
afebrile for several weeks Patients who went back to duty usually remamed m 
this area so that any late comphcations causmg readmission usually reached our 
attention 

Of the 29 patients who died (27 Americans and 2 Chmese), 28 were autopsied 
Seventeen of the deaths occurred m the statistical ^enes of 200 cases 

c Seventy groups 

The published data on scrub typhus reveal a surpnsmg vanation m morbidity 
and mortality This variation was seen m the various groups of our senes, out- 
hned above The disease was basically the same m all, cases of all grades of 
severity occurred m each group, yet the morbidity and mortality m troops who 
had been through long penods of jungle combat and on short rations was much 
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greater tlian m the service troops, or m soldiers recently sent into combat or tram- 
mg m fixed positions Consequently, a statistical analysis of any one of the case 
groups gives a distorted view of the disease (Fig 1) However, if, instead of 
subdividing the whole senes mto the vanous outbreaks ns they were seen, they 
are subdivided mto “seventy groups" (fig 2), the disease can be disoussed m a 
logical and coherent manner and the vanous clinical observationB fit mto a defi- 
mte pattern. The mortahty of the different seventy groups was more or less 
constant so that the effects of therapy were more readily assessed, and as wiU be 
seen later the management of convalescence was simplified 
The assignment of a patient to a particular “seventy group” was done funda- 
mentally and ongmally on the basis of the ohnician’s assessment of how sick he 
was When patients with simdar degrees of disease seventy were grouped 
together on this essentially subjective basis, it was found that objective cntena 
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or Disease SBVEBirr 

The figures given ore percentages of the total oases in each of the groups The group 
numbers correspond to those given in figure 1 and in the text 

could be denved which delmeated the vanous seventy groups more defimtely 
from one another These cntena will be outlmed m a subsequent section 
We have used the designations “mild”, “moderate”, “severe”, “grave” and 
“mortal”, the last three bemg referred to occasionally as the “dangerous” 
group 


3 THE CLINICAL PICTURE OP SCRUB TYPHUS 

About two-thirds of our cases of scrub typhus completed their course after a 
mild or moderate illness with no clmical evidences of major dysfunction of imiior- 
tant organs The other third of the cases began hke the former and completed 
their first week m much the same manner They then developed clmical evi- 
dences of major organ dysfunction and had a stormy course which ended either m 
death, or recovery after a prolonged convalescence 
In order to illustrate the clmical picture of scrub typhus, ae will present (a) a 
hypothetical or "textbook” case of moderate seventy which includes all charac- 
tenaUo findings and diagnostic pomts although the co-existcnce of all of them m 
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a Single individual was not common, (b) an actual case of great seventy and (c) 
certain observations on death m scrub typhus 

a ^'Textbook" picture of moderate scrub typhus 

About 10 days after exposure to infection, a pmk papule is found on the skm 
For two Or three days this becomes larger Its top erodes A flare develops 
about it The regional lymph nodes become enlarged and tender The patient 
may have headache, malaise, anorexia, weakness or no symptoms at all 

The systermc reaction then begms Mountmg diurnal fever reaches 103°"or 
more by the third day, when the first ngor may occur About this time general- 
ized lymph gland enlargement begins, the nodes becommg rubbery and somewhat 
tender The patient complains of aches, especially m his eye muscles, the back 
of his neck, the lumbosacral area and the legs By the fourth day the face is 
flushed , the eyes red , the nose stuffy , the psyche apathetic There is a dry cough 
About this time the rash begins as macules on the sides of the chest or the back 
which rapidly mcrease m number and size m 24 hours and become papular The 
ulcer develops a characteristic black scab covering a shallow crater with a moist 
yellow base 

Dunng the remamder of the first week, the fever follows a characteristic pat- 
tern of double or triple daily spikes, marked by ngors and drenching sweats The 
rash mcreasea daily and may extend to the face, wrists and ankles A soft spleen 
IS palpable So usually is the hver, and both may be tender The first apical 
heart sound becomes soft Ventilation at the lung bases is mcomplete The 
patient sleeps poorly He becomes mildly confused at mght and apathetic by 
day He is tremulous and may be hyperesthetic 

By the tenth day the chmcal picture of the disease is weU established The 
veins of the fundus ocuh become engorged and early retmal edema may be pres- 
ent The serum be gins to agglutinate B Proteus OX-K m low titer The white 
blood count, which was normal or low the first week, begins to rise, and the 
lymphocytes mcrease The mild cases begm to get well about this tune (fig 3) 
Their fever becomes diumaPagam and falls by rapid lysis The rash may occa- 
sionally outlast it 

The moderate case contmues a httle longer A period of sustamed or high 
remittent fever begms at some time m the second week (fig 4) The patient 
becomes rapidly sicker and his condition may cause concern Apathy is marked, 
and nocturnal confusion, severe Myoclomc jerkmgs of the vanous muscle 
groups occur The blood pressure often declmes to 90 millim eters systohc or less 
The nail-beds may be cyanotic Rales appear at the lung bases and the respira- 
tory rate may reach 30 per mmute The neck is stiff and sore The heart may 
become top-normal m size and short periods of gallop rhythm are not uncommon 
The optic disks may become blurred and diffuse retmal edema may begm The 
24 hour urmaiy volume may fall briefly to a pmt or less regardless of intake 
Coarse dark granular casts appear m the urme, together with albumm The 
blood urea mtrogen may nse to 20 or 30 mgm per 100 cc By the end of the 
second week the hemoglobm has fallen shghtly and the Wed-Fehx reaction may 
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be diagnostic Moderate leucocytosis may appear m some cases, with an m- 
crease m lymphocytes 



The figoree at the top of this and all subsequent temperature charts indicate days after 
the onset of fever 



In the third week, almost nil moderate cases become steadily better The tem- 
perature becomes diurnal agam and faUs to normal withm three or four days A 
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reduction in the puLse rate may accompany or precede it The blood pressure 
begins to nse agam and the flmd output exceeds the mtake for several days The 
rash has disappeared The ulcer loses its scab and becomes a slightly depressed 
scar There is some neural deafness A coarse intention tremor of the hands is 
often present The patient may be dizzy and too weak to walk the first time he 
tries The sedimentation rate begins to nse Retinal edema, if present, is 
maximal, as is the Proteus OX-K titer 

In the fourth week, most patients are afebrile The sedimentation rate is at 
its highest, the pulse rate increases, coordmate with activity, and eosinophiles 
may appear m the blood for the first time smce the onset of fever The hemo- 
globm begins to nse Leucocytosis (10,000 to 12,000) is c omm on In most cases 
the OX-K titer rapidly diminishes The patient can walk about but develops 
neurocirculatory symptoms as soon as he exceeds his hmited emotional and 
exertional tolerance The pale scar of the ulcer may persist for a long tune and 
the return of eye grounds, sedimentation rate and pulse to normal may require 
additional weeks 

Death in patients mamfestmg only the above symptoms and signs did not occur 
except in the case of massive mtestmal hemorrhage, an unpredictable but rare 
disaster 


b. “Dangerom” scrub typhus 

Although all cases looked much ahke dunng the first week of illness, one or 
more groups of signs characteristic of a “severe" infection appeared m the second 
week or later m a nunonty of patients, varymg m number mth the seventy of 
any given “epidenuc” These were (1) excessively high fever, (2) severe tachyp- 
noea with or without cyanosis, (3) memngismus, delmum, convulsions or coma, 
(4) marked cardiac enlargement and prolonged gallop rhythm, (6) massive albu- 
mmuna, severe ohguna, isosthenuna or uremia, (6) edema, ascites, marked 
hypochlorerma, (7) jaundice, (8) multiple hemorrhagic phenomena 

The general characteristics of “dangerous” scrub typhus and the contrast 
between “severe” or “grave” illnesses and the “mild” or “moderate” disease 
described above can best be illustrated by the foUowmg gravely ill case (fig 5) 
Case report Patient No 95, aged 22 years, was admitted 28 May, 1944, on 
the fourth day of fever, havmg been in strenuous jungle combat until his evacua- 
tion by an on that day He had headache, cough, and pam in the eyes, but did 
not seem very ill He had no eschar, but the diagnosis was established by lymph 
node enlargement, which progressed, by a typical rash (seventh to mneteenth 
day) and by the general course of the illness The maximal Proteus OX-K titer 

was 1 100 ^ 

The first week passed uneventfully The temperature did not exceed 102 , the 
pulse stayed below 90, and the respirations below 22 per mmute 

Dunng the second week the fever became much higher, reaching 104° or more 
regularly Toward the end of the week the cough increased, the respiratory rate 
rose to 28 per minute, breath sounds were di mi n i shed at the bases, and a few rales 
were heard over the nght lower lobe The pulse rate mcreased to 100 per mmute 
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TTie first heart sound became soft, gallop rhythm developed, and sh^t cardiac 
enlargement was suspected At about the same tune a queer silent depression 



Fio 5 CAar if 05 Grate 8cri;b Ttpuus 
See caao report m text 
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and agitation developed, myoclonic jerkmgs began, and restraints were necessary 
to keep the patient in bed Eetmal venous engorgement and mild retmal edema 
appeared Appetite decreased Fluids had to be given mtravenously to main- 
tain adequate intake The patient was qiute sick but did not appear to be m 
immediate danger 

During the thrd week the fever at first dropped shghtly, but toward the end of 
the week began spiking to 105° with chills and sweats The respirations rose to 
42, without any mcrease m pulmonary physical signs Shght cyanosis was de- 
tected and oxygen therapy was begun Toward the end of the week, marked 
cyanosis appeared whenever oxygen was not administered An X-ray of the 
cheat showed shght motthng m the lower lobes Durmg the week, cardiac en- 
largement mcreased, the apex impulse being felt m the anterior axillary fine A 
double diastohc sound was heard at the apex The pulse reached 140, and the 
blood pressure was 90/60 The electrocardiogram showed a small T wave but 
was otherwise not remarkable (fig 25k) Generahzed edema appeared, but this 
was not thought to be due to cardiac failure because the vems and hver were not 
engorged and pulmonary congestive signs were absent During this week ngidity 
of the neck appeared, without spmal fluid abnormality Cheyne-Stokes respira- 
tion occurred Combativeness and severe dehnum made their appearance but 
subsided somewhat toward the end of the week Eetmal edema was marked, 
and subconj unctival hemorrhages were seen The urme v olume dim i n ished , then 
the patient became mcontment The blood urea mtrogen remamed normal (16 
mgm per cent) The hemoglobm had fallen to 9 6 gms 

In the fourth week no striking change occurred until the 26th day when the 
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patient had a convulsion After this he was comatose for tivelve hours Toward 
the end of this week the serum proteins dropped to 4.0 gms per cent despite blood 
and plasma transfusions The patient became almost unable to swallow and tube 
feedings were begun. At about this time the temperature decimed steadily but 
he remained as sick as ever, emaciated, restless, ]erky, confused, and cyanosed 
He talked with a peculiar metaUic stuttermg voice The systoho blood pressure 
remained about 90, the pulse rate dropped below 100, and the respu-ations de- 
chned to 36 per mmute 

Durmg the fifth weK the iiatient was afebrile The respuratoiy rate decimed 
to 24 He began to look as if he might recover, but he was extremely thm, 
asthemc, apprehensive, querulous and tremulous The blood pressure rose to 
126/100 The retinal changes disappeared 
In the Jtilk toeet he began to eat The blood pressure rose to 138/110 Car- 
diac enlargement was still apparent, and gallop rhythm was stUl audible At this 
farnp the patient began to complam of painful, cold feet, and developed mtense 
hyperesthesia of the toes and soles which tormented him for two weeks 
In the eevenih week, an electrocardiogram showed marked T-wave mversion 
(fig 251) but the hypertension and cardiac enlargement were less marked In 
the ntndi week, the cardiac sue and blood pressure were normal The patient was 
able to get out of bed for the first tune smce onset From this pomt on, convales- 
cence, though slow, was uneventful 

In the sixteenth week, an electrocardiogram was normal (fig 26m) By the 
eighteenth week, the patient had regamed most of his lost weight and strength. 
This patient, with extensive pulmonary, cardiac, central nervous system and 
probably renal mvolvement, was one of the sickest cases m our senes who 
recovered. 


c Mortal scrub typhus , 

Of the patients with “dangerous” scrub typhus, half were classed as severely 
lU, one quarter were considered gravely ill, and the remamder died. Death was 
more often gradual than sudden It occurred any tune between the 9th and 28th 
day of illness but was mainly confined to the early thud week (figs 20, 21) 
Mortal cases often did not differ much climcally from the gravely ill until the Inst 
few hours, when convulsions, pulmonary edema or unabohshable cjanosis super- 
vened From the bedside it appeared that the unmediate cause of death was a 
combmation of pneumomtis and encephahtis 
At autopsy, the impressive fact w as not that a disease process m any one organ 
was responsible for death, but that overwhelmmg infection was present with 
extcnsi\ e mvolvement of many organs and tissues These mclmled, m addition 
to those m which major dysfunction endangered life, the lymph nodes f 
the skm, blood vessels and the testes All fatal cases showed thu extiLivo’ 
mvolvement, mcludmg two patients dying unaxpcctedly of convulsions and one 
who died on the llth day of illness from a fulminating gastromteslinBl B 
rhago without any other chnical signs of a severoiX^on, hemor- 

Tho basic pathologic change seen under the microscope was acute inflammatioa 
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in interstitial tissue, with edema, areas of endothehaJ swellmg, and a cellular mfil- 
trate composed of histiocytes, lymphocytes and plasma cells Penvascular 
tissues and the adventitia of vessels were widely mvolved, but endarteritis was 
not conspicuous and the thiomboses and gangrene, common m other nckettsial 
infections, weie rarely seen A stnkmg feature was that, m spite of the wide- 
spread acute nature of the pathologic process, few changes were seen which did 
not appear reversible and actual desti-uction of tissue rarely occurred 

4 CLINICAL VAipATIONS, STATISTICS, AND LABOEATOET FINDINGS 
CHAEACTEEISTIC OP SCEUB TYPHUS IN GENERAL 

a Incubation 'period 

This IS usually stated to be from 7 to 18 days Our expenence has, m general, 
been compatible with such a figure but m only four instances have we found clear- 
cut evidence beanng on this pomt Two medical officers who developed scrub 
typhus gave specific data concerning their mcubation period and onset One 
officer visited an endemic area, stayed for four days, and, six days after leavmg, 
noted a papule (which later became a typical mite idcer) on his antecubital fossa 
Four days after this he developed fever The second officei stayed four days in 
endemic areas, found a papule on his leg seven days after he left and developed 
fever two days latei These observations established mcubation penods of be- 
tween ten and fomteen, and rune and thirteen days respectively Two other 
patients developed fever twelve and fourteen days after leavmg focal areas, but 
the uppei hmits of their possible mcubation penods were uncertam The find- 
mg of .ulcers by patients before the onset of symptoms was not uncommon and 25 
of our patients had done so one to fourteen days before they recogmzed that they 
were dl 

b Onset {figs 6,21) ^ 

Aside from the shghtly painful or asymptomatic ulcer and the tender regional 
lymph nodes, prodiomal symptoms weie occasionally reported They mcluded 
headache, malaise, anorexia and weakness Any other symptoms were accounted 
for by associated diseases The fever was accompamed by headache, chiUmess, 
anorexia, cough, hstlessness, rmld generahzed aches and malaise In 12 patients 
who developed scrub typhus whde in the hospital for some other condition, there 
were no ngors before the third day Those who became dl m the field sometimes 
stated that their lUness began suddenly with a chdl 

c General symptomatology 

Pam occurred as m any febrde disease, but it was not a striking or outstandmg 
feature of scrub typhus The head, eyes, neck, back and abdomen were the most 
common sites An occasional patient complamed bitterly of a localized pam m 
the jaws, ears or tongue 

Chills occurred characteristically durmg the penod of spikmg fever Drench- 
ing sweats usually followed them 
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Nasal congestion ii as almost universally present Sore throat was a common 
symptom The findings m the pharynx were usually minimal Cough was ex- 
tremely common It was often the most annoymg symptom of the disease 
Anorexia w as common and sometimes severe Nausea and vomiting occurred 
but persistent voimtmg was infrequent When diarrhea appeared, it was usually 
due to interourrent disease 

Cardiac pain did not occur Palpitation was very rare durmg the acute phase 
It was conspicuous m only one case 



The character of tlio ooset la illustrated Tcraporuturcs wore not recorded dunng 
traneportation of the patient from, a fomord installation to this hospital on the Sthand 
0th dajs of fo\er 


The patients were apt to be apathetic, drowsj and to shjOw nocturnal confu- 
sion Some of them became apprehensive, hiTieresthotic and querulous Slight 
deafness was almost the rule 

d Physical signs 

(1) Facus The patient’s facial appearance has often been described as show- 
mg diagnostic chamttenstics There is no doubt that these individuals have 
bometlung about them which may give the expcncnccil chmcinn a diagnostic 
clue the marked flush, the dull red o>cs, the periorbital edema, and the slightly 
open mouth, from nasal congestion (fig 7) Wo believe, however, that the 
sjiceificitj of the facies has been ovcrcmphasiasl 

(2) Ocular signs Major Harold G Scheie (3) made a special studj ofthcejes 
of -151 pitients He examined them each week during the fcbnle touree and 
followed them duniig conv alcscenco until ocular abnormalities di’^aiipeaRsl 
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(a) External Conjunctival injection occuired in 38 pei cent It was present 
in the first week and tended to disappeai m the second and thud weeks Sub- 
conjunctival hemoirhages appeared m 6 4 pei cent, usually dunng the first ten 
days Eighteen neie bilateral, eleven i\eie unilateral They were often quite 
massive, at tunes co\eiing one thud to one half of the exposed scleia Ecchymo- 
sis of the eyehds was seen in one per cent, eaily in the disease Nystagmus of a 
peculiar type occuiied in two patients It consisted of coaise, iiiegulai, jeiky, 
incoordinate movements of the eyes fiom side to side while attempting to fix on 
an object 



a b 

Fig 7 The Facies op Scbub Typhus 

a Case i$(350 “Typical” facies m a moderately ill patient on the 8th day of fever, 
showing periorbital and malar puffiness, open mouth from nasal congestion and apathetic 

countenance i 

b Case #36 Facies of a patient (12th day of fever) who died suddenly after a convulsion 

on the 17th day 


(b) Internal Changes m the fundus Dunng the first or second week, the 
retinal veins became markedly engorged m 67 per cent of cases, frequently 
reachmg a diameter two to two and a half times the size of the arteiies As the 
engorgement increased, the veins became tortuous and then outlmes were blmred 
by what was thought to be a perivascular exudate Venous thrombosis occurred 
in only one case At arteiio-venous crossmgs, the artenes seemed to indent the 
dilated veins The artenes showed some blurnng of outline, but less than the 

veins , 

Edema of the disc and retina was noted in 36 per cent It ivas always bilatei al 
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anti « as preceded by engorgement of the \ eins The edema involved both the 
disc and the surrounding retina Sn elhng of the disc n as never marked, usuallv 
less than 1 5 and never over 2 5 diopters This letinal edema was not related to 
mcreased spinal flmd pressure, it was not accompanied by changes in vision 
Consequently, it was thought to represent a local inflammatory change, rather 
than optic neuritis or a true papilledema It occurred wath greater frequency m 
the severely and grar elj lU cases 

Retinal hemorrhages occurred m 6 0 per cent, usually superficial and flame 
shaped, but cccaaonally deep and punctate ReUnal exudates occurred in 4 9 
per cent, usually of the cotton wool type AVhen hemorrhages and exudates 
occurred, they appeared at the height of the retinal edema mentioned above 
Retinopathj of this type has not been seen in other febrile diseases m this area 
Consequently, it was frequently helpful m diagnosis hlajor Scheie made the 
diagnosis in seieral atypical cases a week, before the agglutination reactions 
became positive Retmopathj' appeared from the 10th to the 17th day, an(l dis- 
appeared between the 5th and 8th weeks Uveitis was seen in 1 3 per cent 
Vitreous opacities were noted m 4 0 per cent Both were usually asymptomatic 
and disappeared early m convalescence Secondarj glaucoma appeared in one 
case 

(3) The primary lesion (figs 8 d 9} Sixty per cent of our 200 patients hod a 
pnmarj ulcer, while m 40 per cent none was foimd despite careful search The 
distribution is shown m figure 10 The usual chnmclenstics are described under 
the “textbook picture” Many vonations occurred Lesions on moist inter- 
tnginous surfaces (axillae, scrotum, pcnanal region) niipeared as shallow , yellow- 
based ulcers without much surrounding hyperemia and without the black crust, 
consequently they w ero easy to ov erlook Lesions onthchandsand those below 
the popliteal space were often indistinguishable from the many cutaneous erosions 
and leech bites sustained bj troops traversing tiie jungle An occasional patient 
insisted that he pulled a tick or a leech from a certain place on his skin where a 
tj pical ‘ irate-bite” pnmorj lesion developed subsequentlj The vast majority 
of patients ilid not rejxirt fecimg any “bite” Secondary infection was rare 
Twe patients hod mild lymphangitis extending from the ulcer Two patients 
had two pnmarv ulcers and we have seen a cose in another hospital with three 
lu some cases, a verj shallow erosion healed in a few dajs and the jircsenco of 
tnmsient tender adenopathj and a residual scar or sjiot of pigment suggested that 
it was a true pnmary lesion jVs demonstrated in Major MachcUa’s senes of 
China 0 patients, cxcaion of the pnmary lesion did not affcsit the course of the 
discabc riio presence or character of the ulcer nppcaretl to have no relation to 
anj other manifestation of the disease, including the OV K titer and the sov enty 
(4) Lymphadcnupalhy llurty jicr cent of patients inlh ulcers (20 per cent of 
all ciMe) developed enlargement and tenderness of tlie regional lymph nodes 
Tins was often noted before the onset of other sjuiptoms During the first few 
daj s of fev or, all hut six patients dev clojitd generalized Iv niphadeiiopathy Frc- 
quentlj certain chains were spared, such us the epitroclilcars and occipituls, but 
often all the main groups is well us certain uiutsual nodes m the sucrnl or jiector d 
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regions could be felt The most dependable weie the axillaiy lymph nodes, which 
rare y e to e palpable The least dependable were the mgiuno-femoi al 




c d 

Fig 8 The Pbimaby Lesion 

a Case # 45 Posterior thigh, lesion about the eighth febrile day 

b Case 51 Thoracic lesion nith crust and areola, sixth day of fever 

c Case ii 17 Fore arm lesion with crust and desquamation Fourteenth febrile day 

d Case Abdominal wall lesion with crust and beginning desquamation, about the 

tenth day of fever The rash is also shown 


nodes, which weie so legulaily enlaiged from othei causes m tioops opeiating in 
the jungle The nodes weie usually large and rubbeiy but iveie at times small 
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Flo 9 Otiilu AtfpEcni of tiil Prisjvbt Llhion 


a Catio #47 Posterior thorax lesion beginning to heal on the fourteenth (ia> of fever 
b Cose #54 Antccubital lemon with crust romo\cil, sbowing weeping ulcer crater 
and raised edges Eighth fcbnlc da> 

c Case #55 Penile lesion The rash can be seen on the fingers 
d Case #41 vVxillurj lesion a shallow erosion without a crust 


and finn The> were olwutrf discrete, and UbUalh moderately tender ihe 
node} draining the pnmarj nicer were usualh larger than the rcat and more 
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tender Lymph node biopsies weie done m a numbei of patients in Major 
MachelJa’s series The nodes weie pmkish-red, sometimes hemonhagic, and 
swollen mth edema flmd A few showed small yellowish spots of eaily necrosis 
At autopsy, the nodes in the mesentery, letropeiitoneal legion and mediastinum 
neie enlaiged to an equal oi gieatei degree than the supeificial chams 

(5) The rash (see fig 11) A lash occmied m 71 pei cent of cases It appealed 
from the third to the seventh day of fevei, most commonly the fifth It was 
usually maximal betueen the sixth and mnth day An appieciable numbei of 
patients had a lash of only 24 to 48 hours’ duration, but the majority lasted four 
to rune days and a few as long as ten to fouiteen days, occasionally outlasting the 
fevei 

The ei uption was most often coai se and maculopapulai It involved the trunk 
always and the extrenuties in about a thud of the patients The face vas m- 
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Fig 10 Distribution of 120 Primary Lesions 


volved in 15 per cent A cleai-cut lash was not seen on the palms oi the soles 
A fiond rash was seen in eight pei cent In 3 5 per cent it was pmpunc Rarely 
it consisted of only a few scatteied macules There was no correlation between 
the appearance, chaiacter oi persistence of the rash and the seventy of the dis- 
ease The rash was often difficult to see m the eaity stages, especially in Chinese 
Cl OSS lighting was helpful in such cases 

(6) The fever We came to look upon an irregular spiking type of temperature 

chait mth double daily rises as chaiactenstic of sciub typhus (figs 3, 12) Sta- 
tistical study of om cases showed that 70 per cent of patients had this type of 
fevei cmve at some tune dmmg their couree However, it did not as a rule pei- 
sist thioughout, giving ivay in many to long oi shoit periods of remittent or 
sustained fever (fig 4) Complications always accounted for recrudescence of 
pyrexia, once the nomial line had been reached and maintained for 24 hours 
Hownvei, Majoi Machella reported defimte lelapses in twn Chinese patients (2) 
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(7^ The vidsc Ninety fii e per cent of patients had a pulse rate of o\ or 100 per 
minute at some time dunng their course In mild and moderate cases, the pulse 



c d 

Fia 11 Tub ILvbu 


a Cnso j^220 Sparse maculopapular rash oa tbo flfth febrile da> 
i) Ctiso ;V-42 Fido discrete rash, larjgcly mucular on tbo sixth day of fever 
c Cose STT Well dovclopod maculopapular raali on the Sth fcUnlo da> 
d Case sfSS Blotch> course maculopapular rash on tho 10th day of fever 


rate tended to be relati\ch slow in relation to the degree of fc\er Tho sharp 
^plkcs of tlic tcmiMjraturc chart were reflected to bonio extent in the pulbc rate 
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Rates of 120 rarely weie exceeded in model ate cases and never m patients whose 
disease was mild Even in the seveiely ill, elevations above 130 per mmute weie 
biief and not common Gravely ill and moital cases sometimes had marked 
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tachycardia. Not infrequently the pulse did not nse for several days after the 
onset of fever and fell to normal before defervescence was complete 

(8) The blood -pressure A daily record of hlood pressure was not made m the 
majority of coses m this senes Major Machella studied this feature carefully 
m his group of Chmeso patients The blood pressure m the American patients 
did not drop to the low levels or romam low as long as it did m the Chmese, proh 
ably because the normal Chmese blood pressure is somewhat lower tlian the 
Amencan. It began to fall gradually m the second week, usually reached its 
lowest level m the third week and then began to nse slowly The lowest level 
recorded, except m pre-terminal shock, was 70/40 It occurred m a patient with 
a mild illneaB and jiersisted for several days Moderate hypertension was seen 
twice dunng convalescence of grave cases These are discussed m the Renal 
Section. The blood pressure level seemed to have no relation to seventy or 
mortahty Frequent determmationa were not found to bo of practical use m the 
management of the great majonty of cases 

(9) The liver This organ was often soft and difficult to palpate It was 
slightly to moderately enlarged m 20 jjer cent of patients and was tender m 12 6 
per cent 

(10) The spleen In 36 per cent of cases, the spleen was palpable It was 
tender m 7 5 per cent It was enlarged, soft and fnable m aU cases at necropsy 
and averaged 600 gms m weight 

(11) The respiralioii ' Most cases had a transient shght or moderate elevation 
of respiratory rate (24 to 30 per mmute) which did not always correspond to the 
fasbgium of the fever (see fig 12) If tachypnoea was present, the diurnal res- 
piratory rates tended, to refieot the temperature spikes Very few patients had 
an unvaryingly normal respiratory rate 

(12) The lungs ' Most patients showed rhonchi, localized (usually basal) rales 
which often tended to change position from time to time, and areas of suppression 
or, occasionally, exaggeration of breath sounds A few had dullness or impair- 
ment of the percussion note Although these signs increased m frequency ivith 
seventy of disease, they did appear m a considerable proportion of the “nnld” 
and “moderate” cases (fig 22) 

(13) The heart ^ Soft first heart sounds were recorded m 33 per cent Systohe 
basal or apical murmurs were heard frequently These phenomena bore no 
statistical relation to seventy of disease Bnef penoda of gallop rhythm were 
common 


c Duration of the acute illness (Jig 13) 

In the statisUcal senes the fever lasted from 10 to 30 days In one subsequent 
case, the fever lasted only five days (fig 14) In general, the duration of fever 

' The nOnor cardino and respiratory aign* obaorvod in acrub typhus worn detailed above 
became they mlghtoccurmcascsofanj grade of eoventy without evidencing prognoatitilly 
important degrees of Involv omcnl of the heart or the lungs Tlio phenomena scon in < dan 
geroua’ tcrub typhua will bo diioufiscU id a lubsoquont Boctlon 
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Fig 13 Dtoation op Fever m the Statistical Series op 200 Cases 
Absolute figures are given 



Fever developed while in a forward installation for an unrelated condition O^e tein- 
perature was not recorded during transportation to this hospital on the 3rd and 4th febrile 
days This patient had a typical primary lesion, rash and lymph gl^d enlargement 
The Proteus OX-K titer rose to 1 800 durmg the 3rd week after onset of the five-day fever 
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•ma related to seventy However, several patients with protracted low fever 
were not severely lU, and two gravely ill patients had high fever of relatively 
short duration (fig 15) 

f Ihagnosttc laboratory findings and vanatums 

(1) Hemoglobin The hemoglobin tended to fall shghtly during the first two 
weeks, the average reduction being 2 6 gms. In the gravp cases, the penod of 
f allin g hemoglobin was longer, and the degree of fall was greater, although these 
facta were somewhat masked liy frequent transfusionB In some cases the hemo- 
globm dropped 26 per cent from the onginal level The hemoglobm level began 



Fia 16 Cash <126 Oeatb Bcbob Tipnos wiia ‘‘T tphdb Pmbouonia” 

The poraieteiice of toehypiieoa after the mbadeace of fever u ilioetrated 

to nse slowly at about the time of defervescence, and did not as a rule reach nor- 
mal before the eighth week These phenomena are shown in figure 16 

(2) Leucocytes (fig 17) The average total leucocyte count for 200 cases showed 
a sUght nse dunng the second week, and a more defimte nse after the fourth week. 
Individual cases sometimes showed considerable variation from th ese mean 
figures A few had early leucopemas and a somewhat larger number had con- 
siderable leucocytosis, sometunes as high as 20,000 m the second or third weeks 
Polymorphonuclear neuirophtlcs mcreased dunng the second week, accountmg 
for part of the nse m total count After the tenth day, the absolute lymphocyte 
count, which had been shghtly below normal, began to nse m all survivors In 
gravely ill patients, this nse tended to be delaj cd until the fourth w eek. In most 
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of tho iDortal cases, it was slight or absent and lymphopenia frequently mcreased 
until exitus 

Monocytes showed no striking changes 

Eostnophzles were rarely seen after the first few days of fever They reappeared 
with defervescence Marked eosinophihas thereafter were usually due to hook- ‘ 


16 r 
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Fig 16 Avbhagb Hemoglobin Levels fob the 200 Cases in the Statistical Seeies, 

Based on 1000 Determinations 

The “grave” group received an average of 800 c cm of whole blood per patient during 
the period mdicated 

worm infestation which was so common m our patients as to make impossible an 
adequate evaluation of the scrub typhus blood picture durmg late convalescence 
(3) Wezl-Fehx reaction The strain of B Proteus OX-K used m this hospital 
was supphed by the Army Medical School, Washmgton, D C There was no 
significant nse m the titer of our patients' sera before the tenth day of fever 
Many cases had titers of 1 100 or higher by the 14th day The maxunaJ titer 
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was reached in the fourth week m most cases, m the third week m some After 
the 28th day, the titer almost always fell gradually and rarely remamed signifi- 
cantly elevated after the eighth week. An occasional patient had a significant 
titer very bnefly with a rapid fall thereafter, while a few mamtamed high titers 
for Ds long as we followed their sera — up to ten weeks at least Titers of 1 25 
were seen frequently and 1 60, occasionally, m patients with no history of a re- 
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Fio 17 Totai/ White Blood Cbub akd Absolute LrMPuocmj Counts 
TUB 200 Cases IN THE STATiBTiOALSEaiBs, Based on 
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cent febrile disease Titers of 1 100 or above v\ere not seen except m scrub 
typhus This level was therefore considered “diagnostic” m our senes The 
maxi m al titers obtained m 200 cases are shoira in figure 18 Almost half of the 
senes fmled to have “diagnostic” titers There was no relation of OX-K titer 
to disease Be\cnty, except that moderate cases appeared to have a somewhat 
higher proportion of significant titers Low titers for OX-2 and OX-19, never m 
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over 1/50 dilution, occurred not infrequently, usually only m the first two weeks 
of disease and sometimes precedmg the OX-K rise 
The Weil-Felix reaction was occasionally of great value m the diagnosis of 
isolated atypical cases of scrub typhus and m diffeientiatmg with certamty be- 
tween this and other types of typhus, as weU as typhoid fever In “epidemics”, 
a chmcal diagnosis was usually made before a significant agglutmation titer de- 
veloped The 10th, 14th, 21st, and 28th days of disease were the times at which 
OX-K agglutmations were most helpful 

(4) False positive Kahn reactions Strong false positive Kahn reactions were 
seen in six cases In two of these, extensive studies ruled out other known causes 
Some persisted for many weeks after defervescence All ultimately became 
negative 



0 4 8 IS 16 20 0 4 8 12 16 SO 0 4 8 12 0 4 8 12 0 4 8 12 
MILD MODERATE SEVERE GRAVE MORTAL 

NUMBER OF CASES 


Fig 18 Maximal Proteus OX-K Titees in 200 Cases in the Statistical Sbbibs, Show- 
ing THE Lack of Ant Clear-cut Relationship to Disease Sbvebitt 


(5) Sedimentation rate There was a rough correlation between the degree of 
maximum elevation of the erythrocyte sedimentation rate and disease seventy, 
as shown m figure 19 Often the elevation did not begm until defervescence was 
established and it persisted sometimes for two afebrile months, the most rapid 
rates bemg slowest to return to normal 


g Diagnosis 

(1) In the absence of a full-blown chmcal picture, the most helpful diagnostic 
clue was a careful history of the patient’s location between one and three weeks 
before the onset of fever The base areas around Ledo and Marghenta m Assam 
were relatively safe Beyond Ledo, anyone who had been off the Stillwell Hoad 
was a candidate for scrub typhus 
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(2) Before the appearance of the raah on the third to seventh day , the only imy 
of making a definite clmioal diagnosia was by findin g a typical primary leaon 
It was essential to strip every suspected patient completely and to search the 
scalp, ears, eyehds, axillae, penanal area and gemtaha m addition to the more 
easily inspected body surfaces The pnmary lesion might or might not have a 
black crust, dependmg on whether it was located on a dry or moist surface Its 
most significant characteristics were that it had a surroundmg red flare, and that 
when fully developed it was usually “punched out” m appearance The primary 
lesion, together with regional tender lymphadenopathy, was the earhest and most 
dependable of diagnostio signs 

(3) Increasmg, generahied, usually tender lymphadenopathy was a valuable 
clue, although it could be mimi cked by serum sickness, dengue. Wed’s disease, 
secondary syphilis, mfectioua mononucleosis and sometunes other varieties of 



The figures are higher m severer cases The relatively low rates found during the 
first two weeks of fever are alao shown The nuuumum rate usually was reached in the 
third, fourth or fifth week after onset 


typhus It was the most constant of tho mam diagnostic climcal signs, only 
three per cent of patients foihng to manifest it m some degree 

(4) The raah was usually diagnostic when it was flond or typical However, 
this was tho case in only half tho patients It was sometimes difficult to differen- 
faato from measles, and occasionally from drug eruptions and secondary syphihds 
A petechial rash mvolvmg the palms and soles was not seen m scnib typhus 

(5) Other signs occasionally helpful m tho first ten days of dlncss were sub- 
conjunctiial hemorrhages, nuchal pam and stiffness, achmg eyeballs and con- 
junotivitia 

(0) A leucocytosis dunng tho first week tended to rule out scrub typhus 
Thereafter, tho leucocyte count was of relatively little diagnosbc value 

(7) Dunng tho latter part of the second w eck, \ enous engorgement and edema 
of tho retina soraetmies gave a helpful diagnostic clue, smeo other fcbnlo diseases 
in this area were not occompamed by such ophthalmic phenomena 
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' (8) At about the same time, the Proteus OX-K titer rose to a sigmficaut level 

m 50 per cent of our cases 

(9) Durmg the second or third weeks, a febrile patient with none of the above 
characteristics was suspected of havmg scrub typhus if he developed evidences of 
multiple parenchymal organ dysfunction, especially persistent muscular twitch- 
ings and marked tachypnoea with relatively few signs of pulmonary consohdation 

(10) In our expenence, the only conditions which it was mandatory to differ- 
entiate promptly from scrub typhus were cerebral malana, bacterial pneumoma, 
memngococcal memngitis and, in surgical patients, sepsis Smce specific therapy 
could be given for these conditions without harm to the patient we usually elum- 
nated them by a therapeutic test when any doubt existed An early blood culture 
was taken to help rule out typhoid fever and plague, smce infectious precautions 
were unnecessary for scrub typhus itself 

5 CLINICOPATHOLOGIC CHARACTERISTICS AND DIAGNOSTIC CRITERIA OP THE 
MANIFESTATIONS OP “DANGEROUS” SCRUB TY P HU S 

The general clmical picture of “dangerous” scrub typhus has already been out- 
Imed It has been emphasized that such cases are climcally differentiable from 
nuld and moderate cases by the occurrence of excessive amounts of fever, by the 
appearance of signs and symptoms of major organ dysfunction, or both — the 
result bemg a degree of illness and prostration which earned a high mortality 

In the foUowmg section, there is an analysis of the mam phenomena of “danger- 
ous” infection by systems These phenomena are correlated with pathologic 
changes found by roentgenologic, electrocardiographic, chemical and postmortem 
examination 

a Pvlmonary phenennena 

(1) Pathologic findings’ In the statistical group, there were 17 deaths At 
autopsy characteristic inflamma tory lesions of the lung were demonstrated m all, 
though there was marked variation m the mtensity and extent of the changes 
found Characteristically, the lungs were boggy, bloody, firm and relatively 
airless, with a rubbery consistency rather than firm consohdation Usually, the 
apices were spared Roughly 76 per cent of lung tissue was involved m seven 
cases, 50 per cent m five, and 25-36 per cent m three In the other two cases, 
the extent of involvement was not recorded quantitatively In four autopsies on 
patients not mcluded m the statistical group, these gross changes were wholly 
absent, the lungs showmg only small patches of atelectasis or numerous tmy 
nodples of mcreased firmness and dusky color m relatively normal lung 

Microscopically, the minim al lesion uniformly present was an mterstitial m- 
flammation with alveolar walls moderately to markedly thickened due to vascular 
congestion and cellular infiltration by lymphocytes, monocytes and histiocjdM, 
and iviith prommence and desquamation of alveolar epithehum In more ad- 
vanced lesions, small mtra-alveolar hemorrhages occurred, moreover, edema 
flmd and i nflamma tory cells were seen m the alveolar spaces In areas of lung 
showmg marked gross changes, patches of basal bronchopneumonia, with areas of 
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fibrinous and polymorphonuclear exudate, were often seen, superunposed on the 
mterstitaal pnoumomtis This change, however, never monopolised the histo- 
logic picture The uniformly occurring mterstitial lesion appeared to be the 
primary pulmonary manifestation. The occasional polymorphonuclear bron- 
chopneumonia was thought to be a secondary process 

(2) The dtnical pulmonary picture Dunng the second week of many cases of 
scrub typhus, thought to be only moderately severe, the patients became dysp- 
noeic as a result of the shght exertion of tunung m bed, eatmg, talkmg or emo- 
tional disturbance A few rales sometimes appeared at the lung bases, perhaps 
with diminution of breath sounds A day or two later the respiratoiy rate began 
to spike to 36 or more per min ute when the fever was highest (figs 6, 16) After 
this, a sustamed tachypnoea developed and the patients became clmically much 
acker Later, they became dusky, then cyanosed without oxygen, then oyanosed 
m spite of oxygen The longer this picture persisted, the greater was the fre- 
quency of respiratory death, usually with sudden pulmonary edema, after a con- 
vulsion, frequently m coma A few patients developed a remarkable hyperpnoea 
— long, labored thoracic movements not associated with great subjective dysp- 
noea or orthopnoea, nor with cardiac failure nor acidosis This hyperpnoea was 
not aSeoted by oxygen therapy 

At any pomt m the course described above, unless unabohshable cyanosis or 
persistent hyperpnoea had supervened, recovery could begin The “resolution” 
of the process appeared to bo very gradual and the respirations remamed elevated 
for many days, sometimes neU after the subsidence of fever (figs 6,15) Barely 
a patient died a respiratory death after his temperature had reached the normal 
hne (fig 20) 

Typical signs of bronchopneumomc consohdation — crepitant rales, marked 
percussion impairment, whispered pectoriloquy, etc — were never found on 
examination of the chest Patches of shght percussion dullness and cracklmg 
rales occasionally occurred but clmical diagnoses of bronchopneumoma based on 
these find in gs irero often not confirmed at necropsy Pyogemc organisms were 
uncommon in the sputum No sttikmg beneficial effects ever followed the use of 
the sulfonamides or penicillin, moreover, bronchopneumomo consohdation was 
seen at autopsy as frequently in patients treated with these chemotherapeutic 
agents as m those who thd not receive them Patients who survived the longest 
were more likely to have purulent sputum and basal bronchopneumomc patches 
at autopsy but the chmcol and pathologic picture of rickettsial pneumoma was 
alw ays basic 

(3) Roenigcnographic pulmonary findingt Promment hdar and trunkal mark- 
ings were frequenUy reported at all stages of the disease The morkmgs m the 
peripheral lung fields were sometimes exaggerated Some patients had localized 
densities rcsembhng patchy bronchopneumoma or lobular atelectasis but tho 
autopsj did not always confirm suchX ray diagnoses. Rarely, a diffuse haze or 
“ground glass” appearance of tho lung fields was seen In some cases, diaphrag- 
matic excursion was reduced, occasionally to a marked degree 

The rocntgenographic picture of the scrub typhus chest often seemed to bear 
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little relation to the clinical evidences of respiratory dysfunction Roentgeno- 
grams taken within three days of death might oi might not show marked abnor- 
mahty One patienl who had a film taken 36 hours before he died showed only 
the promment hilar and trunkal markmgs mterpreted as “tracheobronchitis” 
Yet, he had clinical signs of extensive pulmonary mvolvement (marked tach}^- 
noea and progressive cyanosis) at the tune the film was made, and at autopsy 80 
per cent of his lungs were mvolved by severe mterstitial pneumoma 



Fig 20 Casb i$(84 MobtaIi Scbtjb Typhus 
The fever appeared to be subsiding when death occurred m association with clinical 
signs of “typhus pneumonia”, meningoencephalitis, myocarditis and anuna The exact 
date of onset of fever bemg unknown, the days since the patient’s original hospitalization 
are given instead 


(4) Diagnosis and ‘prognostic significance of “scrub typhus pneumonia” (the 
foUowmg statements are based on an analysis of 139 consecutive cases with 17 
autopsies) • 

(a) The most dependable sign of chmcally important “scrub t 3 T)hus pneu- 
moma” was cyanosis of the skm which at first was dramatically rehevable by 
high concentrations of oxygen Cyanosis confined to the fingernails was not of 
significance, it occurred in many febrile patients who weie not thought to have a 
major pulmonary lesion Whenever general cyanosis was present, extensive 
rickettsial pneumoma was almost certainly present However, cyanosis was 
absent except temimally in two mdividuals who, at autopsy, were found to have 
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75 per cent of the lung involved Consequently, it was useful mainly as a posi- 
tive agn, its absence was not a rehable indication of the absence of extensive 
pulmonary mvolvement The prognostic importance of cyanosis is dluatrated 
by the foUowmg figures 

UtrUUty 

All cases requiring oxygen 86 per cent 

Cyanosis for two days 88 per cent 

Cyanosis for five days fifi Per cent 

Cyanosis unrelieved by oxygen 100 per cent 

(b) The respiratory rate chart proved to be the most sensitive mdicator of the 
presence of "scrub typhus pneumonia” An analysis of the relationship of 
tachypnoea to seventy of illness is given m figure 22 
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This patient was admitted for a minor urological complaint before the onset of syatemlo 
symptoms The minimal degree of tachypnoea (prior to the terminal nso) is noteworthy 
^tensive interstitial pneumomtis was found at necropsy 


The frequency of shght respuratory rate elevations not exceedmg 24-30 per 
mmute for a few days has already been noted as a charactenstio of almost all 
scrub typhus cases Even such shght tachypnoeas were so dofimte and to 
frequently associated with minimal physical signs of parenchymal lung disease 
that they were thought to reflect at least a small pulmonary lesion m the 
mnjonty of cases However, since no patient died or was gravely ill whoso 
respiratory rate romamed under 32 per mmute, we felt that slight tachypnoeas 
did not reflect a prognostically unportant amount of "typhus pneumoma" 

Rates between 32 and 35 per minute for two days justified concern because, 
although they could occasionally occur m mild ilbesses, a small number of pa- 
tients who died with 25 per cent of their lungs mvoh ed by nckettsial pneumomtis 
had no more tachyqmoea than this dunng life (fig 21) 
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When the respuatoiy rate reached 36 or more per minute on two days, the 
statistical mortahty rose to that of the “dangerous” group as a whole and few 
patients failed to become severely ill Longer periods of tachypnoea and very 
lapid rates were associated ivith a high mortahty and all such patients who came 
to necropsy had massive lung lesions 

Tachypnoea was generally more useful as a prognostic sign than cyanosis 
because it occurred more frequently, usually appeared earher, and because, as 
figure 22 shows, only 60 per cent of fatal cases were cyanosed except pretemu- 


RESPIRATORY RATES 

SEVERITY GROUPS 

Miid (39) 

Moderate 

(40) 

Severe (26) 

Grave (17) 

Mortal (17) 

Less than 32/inmute 

90% 

67% 

30% 

0 

0 

32-35/min for 2 days 

10% 

13% 

8% 

12% 

12% 

36/nun for 2 days 

0 

7% 

20% 

11% 

20% 

36/imn for three days 

0 

13% 

27% 

69% 

20% 

36/nun for 7 days 

0 

0 

16% 

18% 

48% 

Cyanosis 

I 0 

0 

1 20% 

41% 

60% 

Physical signs (exclusive of rhonchi) 

28% 

65% 

92% 

100% 

76% 


Fiq 22 Frequency of Respiratory Rate Elevation in 139 Consecutive Scrub 


Typhus Patients 

Figures given are percentages of the number of cases in each seventy group The 
frequencies of cyanosis and physical signs (fine rales, altered breath sounds or dullness to 
percussion) are given for companson 


nally The relationship of various degrees of tachypnoea to mortahty may be 
summarized as follows 


Respiratory rate less than 32 per minute 
Respiratory rate 32 to 35 for 2 days 
Respiratory rate 36 per nun for 2 days 
Respiratory rate 36 to 50 for 7 days 
Respiratory rate 50 per nun for 2 days 


lloriahty 
0 per cent 
13 per cent 
23 per cent 
60 per cent 
80 per cent 


(c) Physical signs m the chest Less rehable diagnostically and prognostically 
than the respiratory rate were the physical findmgs m the lungs themselves 
Persistent fine, moist, basal rales, often with some reduction of breath sounded 
impairment to percussion, were found m 10 of the 17 patients who die 

these signs appeared, they usually failed to mdicate the extent of the p^ cmary 
lesion Moreover, some cases with extensive “typhus pneumoma' had no 
physical signs to mdicate its presence In some patients without tach^noea or 
cyanosis, abnormal puhnonaiy physical signs were present and were thought t 
be helpful m enabhng us to recognize areas of nckettsial pneumoma which wer 
not sufficiently expensive to mterfere appreciably with respirato^ 

(d) Roentgenography Roentgen-ray study of patients iwth scru 
rarely brought to hght nckettsial lesions which had not been clmically diagn 
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already, oud it usually failed to indicate the extent and seventy of the pulmonary 
process The patients m whom X ray study might huA e been done to satisfy 
chmcal cunosity were usually too sick to be moved to the X ray Department, and 
the bedside X ray apparatus at our disposal did not enable the roentgenologist 
to obtam films ahich a ere clear enough m many cases to bo dependable for 
evaluatmg the minimal shadov.’s which were present 

(6) Summary “Scrub typhus pneumonia” was primarily an mterstitial 
inflammatiotu It v. as probably present in some degree m almost all of our cases 
of scrub typhus Minor degrees might not be recognizable chmcaUy, or might 
bo suspected on the basis of heanng a few cracklmg rales, or shght reduction of the 
breath sounds When the lesion became extensive enough to become an im- 
portant factor m prognosis, it reduced the functional capacity of the lungs This 
first resulted m mtemuttent dyspnoea and tachypnoea, then persistent taohyp- 
noea of mcreasmg degree, then cyanosia, reheved rmbolly by oxygen 
The agna of disturbed physiology described above w ere more useful m diagnosis 
than phyacal agns or roentgenographic findmgs They were valuable m prog- 
nosis because they nere among the commonest and earhest evidences of danger 
to appear 

b Cardiac phenomena 

(1) Pathological findings The heart showed characteristic acute inflammatory 
changes m all fatal cases Grossly, there was httle or no evidence of hypertrophy 
Shght to moderate ddatation, predominantly nght-aded, was present almost 
uniformly In 75 per cent of the necropacs, the myocardium was dull, flabby, 
and mottled Microscopically, the miisolo fibers often show ed a mild to moderate 
degree of swelhng and mterfibnllor edema, but the most stnkmg change was the 
umversally present, and often heavy, mterstitial infiltration bj inflammatory 
cells — lymphocytes, plasma cells and histiocytes There were no endocardial 
lesions or thrombi 

(2) Clinical phenomena Soft first heart sounds, systoho murmurs and ectopic 
beats were common Transient gallop rhythm was heard frequently Some- 
tunes it began as early as the fifth day, but usually not untd the second week 
Persistent gallop lastmg three days or more was less frequent When it did occur, 
it was almost always associated withmcrease m heart size Defimte enlargement 
was diagnosed when the apex impulse was well to the left of the mid-clavicular 
hnc, or when the X-ray show ed uneqmvocol enlargement of the cardiac sdhouetto 
Cardiac enlargement began m the second or third w eek, as a rule, and usually w as 
of a moderate degree In a few cases, however, the apex reached the antenor 
axillary hne Cardiac enlargement and persistent gallop rhythm did not appear 
m mild cases They were uncommon m moderato cases Their highest mci- 
denco was equally divided among the severe, grave and mortal cases 

(3) Electrocardiographic findings Traemgs were taken on 35 patients (Group 
A in figure 23) selected because of seventy of disease or a suspected cardiac com- 
phcation Subsequently, 20 consecutive paUents (Group B) were electrocardio- 
graphed on or about tho IGth day of fo\cr This group was also “selected” m 
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that a number of mild and moderate cases were afebnle by the 16th day and were 
thus excluded from the group 

The number of cases is small and the percentages are not necessarily significant 
There was no very stnkmg difference of mcidence of abnormahties m the two 
, groups Thus the mcidence of “no abnormahty” may be roughly estimated as 
16 per cent and the mcidence of defimte abnormahty, about 36 per cent, at least 
m the sicker cases 

Of the defiimte abnormahties, PR mterval prolongation (fig 24a), which is 
found m an electiocardiographic study of almost any febrile disease, may not be 
significant of “myocarditis” The two examples of bundle branch conduction 
defect may or may not have resulted from typhus myocarditis, smce the change 
persisted throughout the period of observation of the patients (It is well-known 
that this type of abnormahty may be discovered accidentally m studymg a senes 
of “normals” ) Sharp T-wave mversion or notchmg (see fig 25) occumng most 
conspicuously in lead CR-3, with or without R-ST elevations, was considered the 



GROUP A 

( 35 ) 

B ( 26 ) 

TOTAL 

FES CEKT 

No abnormahty 

4 

6 

10 

16 

Abnormahties of questionable sigmficance 

PR interval of 0 20 sec 

Notched, slurred or small QRS (fig 24, e-j) 
Low T-wave amplitude (fig 24, c, d) 

18 

1 

11 

29 

48 

Defimte abnormahty 

13 

9 

22 

36 

1 PR interval 0 22 sec or greater (fig 24, a, b) 

2 Sharp T-wave inversion with or without RS-T 

9 

6 

16 

(25) 

elevation (fig 25, k-p) 

3 

4 

7 

msm 

3 Bundle branch block 


1 

2 


4 Auricular fibrillation (fig 26, q, r) 
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Fig 23 Electeocahdiographic Statistics 


most rehable electrocardiographic sign of rickettsial myocarditis It occurred in 
11 per cent of the 61 acutely lU patients who had electrocardiograms 

(4) Effects of nckeitsial myocardths on cardiac function In attempting to 
determme the effects of nckettsial myocarditis on cardiac function, we were faced 
with facts which at first glance seemed contradictory — (a) All fatal cases of 
scrub typhus had extensive myocardial changes at autopsy Consequently, 
cardiac failme might have been expected to play an important part m the 
chmcal picture and m mortahty (b) Clmical evidences of cardiac insufficiency 
durmg the course of the disease were not very obvious or stnkmg Cardiac 
enlargement occurred m 12 per cent of cases, but the mortahty of patients with 
enlarged hearts was no higher than that of an equally sick group of patients 
without cardiac enlargement Defimte T-wave mversion m the electrocardio- 
gram occurred m 11 pei cent of cases who had tracmgs, yet there was no obvious 
correlation between electrocardiographic abnormahty and mortahty 
tient with T-wave mversion died, and none of the three mortal cases who ha 
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tracings before death showed electrocardiographic abnormahty There was no 
constant correlation between electrocardiographic abnonnahties and cardiac 
enlargement When edema and hepatic enlargement occurred, more obvious 
non-cardiac causes for these phenomena were usually apparent (see edema and 






Flo 24 

Com 170 PR interval ^^on|atioa (0^ aec ) after a moderately severe illne&s on 


ay a; 

Caac 176 PR interval normal (0 10 aec ) on the 70th da> 
9 in I ’ ' ■ 


--- . . -- ^ Lead III 

Case 301 Almost flat T waves in lead CR-4 of a BOvercl> ill case on the 10th day of 
fever The other leads shoived a similar abnormality 

d Case 301 Normal T wave on the 50th day after onset Lead CR-4 
0 g 1 Case 18 Limb leads of a gravely lU patient on the 16th day of fever Gallop 
i^ythm and cardiac enlargement were present The amplitude of the complexes u small 
The chest leads were normal 

f h j Case 18 Limb leads on the 44th da> after onset abowing marked increase of ORS 
amplitude ^ 


‘hepatic phemomena” bcloa) The fodings m the lungs at necropsj acre 
sulficicnt alone to account for tachj-pnoea and cj anosis, and the dramatic relief of 
the latter by meygen suggested that circulatorj stasis was not its primary cause 
Finallj , definite signs of congests e heart failure in the peripheral veins and hver 
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did not appeal, even in the patient who developed auncular fibi illation and cai- 
diac enlargement Patients of all grades of seventy tolerated intiavenous 
mfusions and blood transfusions given slowly, those mth cardiac enlargement as 
well as those with no cleaily demonstrable chmcal signs of caidiac abnonnahty 
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k Case 95 Lead CR-3 on the 12th day of a grave illness Cardiac enlargement and 
gallop rhythm were present There is beginning T-wave inversion The limb leads 
showed low T-wave amplitude 

CR-3 Cardiac enlargement had 
lowed inverted T-W'aves 
onset All cardiac abnormalities 

had disappeared 

n Case 165 T-w'ave inversion and beginmng RS-T interval elevation in lead CR-3 
m a gravely ill patient on the 8th day of fever The heart w as enlarged and gallop rhythm 
was present The abnormality was less marked in CR-4 Limb leads w ere normal 
o Case 165 Lead CR-3 on the 45th day after 20 afebrile days The heart was normal 
in size but the patient had had a brief attack of dull substernal pain There is marked 
RS-T interval elevation (8 mm ) , w'hich was also present in CR-4 (6 mm ) and CR-5 (4 mm ) 
The limb leads showed decreased T-wave amplitude 

p Case 165 Lead CR-3 on the 65th day, showing a normal tracing 
q Case 180 Auricular fibrillation on the 12th febrile day in a severely ill patient Lead 
CR-3 shows RS-T interval elevation of 5 mm in some complexes The remaining leads 
were normal except for the arrhythmia The heart was enlarged and gallop rhythrn was 
present There wmre no signs of congestive heart failure The fibrillation lasted 24 hours 
and ceased spontaneously Cardiac enlargement lasted five days 

r Case ISO Lead CR-3 on the filst day after onset, showing return to normal 


1 L^ase yp i-wave inversion on the 44rd day in lead 
decreased, gallop rhythm was still present All leads si 
m Case 95 Normal lead CR-3 on the 110th day after 


Theie seemed little doubt, hotvevei, that a gioss and histologic picture such as 
that seen at autops}'’ could have failed to be associated wuth important distuib- 
ances of cai diac physiology Many patients with sev ei e sci ub typhus must have 
had impaued cardiac function, although they did not show the classical signs of 
peiipheial \enous and hepatic congestion Some of the phenomena w'hich we 
have attnbuted to typhus pneumoma (tachypnoea, dyspnea and cyanosis) may 
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was not infrequently apparent Minute areas of granular degeneration, -witli 
focal infiltration by round cells, monocytes and an occasional polymorphonuclear 
leucocyte were present m a few cases As a rule, these areas were found m the 
cortical nerve cell layer or m the pons 

(2) Chmcal phenomena The pathologic findmgs were reflected m the clinical 
pictuies of the 200 cases m a number of different ways 

(a) Memngeal signs Twenty-seven patients (13 5 per cent) had pam and 
tenderness in the neck muscles and some resistance to flexion Only a very few 
had marked cervical rigidity Lumbar punctures were performed on all twenty- 
seven cases The pressure varied from 90 to 380 mm of water, averagmg 230 
The cell counts recorded m 25 of these patients were as follows 15 had fewer than 
10 white cells per cubic millimeter, four had from 10-15 cells, the remainmg sue 
had counts ranging from 90 to 510 cells Mononuclear cells predommated m all 
but three cases Two of these three with polynuclear pleocytosis had the highest 
cell counts m the entire group They were suspected of havmg an mtercurrent 
pyogemc menmgitis and were treated as such despite negative cultures Both 
survived The Bandy reaction was mildly positive on the flmd of mne of the 
seventeen patients for whom it was done Quantitative protem figures (four 
cases) ranged from 68 to 156 mgm per cent 

These memngeal signs appeared m moderate as well as severe cases and did not 
necessarily signify more senous prognosis than severe illness m general, although 
the mortality of the group which had them was 30 per cent 

(b) The foUowmg min or signs of generalized cerebral mvolvement occurred 

Hyperesthesia appeared m five per cent It occurred m the first week as a rule 

and had no prognostic significance 

Marked apprehension appeared m the first week m ten per cent and tended to 
persist through the febrile stage 

Apathy and drowsmess were co mm on m the second week 

Transient mental confusion occurred m 22 per cent, usually at mght, or at the 
peaks of fever 

A marked coarse mtention tremor appeared durmg the second or third week m 
13 per cent and persisted for two to eight weeks, often, m fact, well mto con- 
valescence 

In a considerable proportion of severe cases, subsultus tendmum appeared 
This consisted of uncoordmated, mtermittent jerkmgs of small muscle groups, 
particularly those of the uppei extremities and the face In a small proportion of 
very ill patients, these myoclomc jerkmgs became so severe that the patient 
looked as if he were havmg a contmuous chill 

(c) Major signs of generalized mvolvement of the bram were as follows 

Dehnum occurred m 26 patients (13 per cent) It usuaUy began late m the 

second week or early m the third, after a period of mild confusion In most cases 
there were poorly orgamzed terror states, usuaUy constructed around recent 
battle expenences Such patients were very prone to attempt escape from the 
ward, or to take refuge under their beds They reqmred vigilant supei^on 
As a rule, dehnum disappeared with defervescence In seven patients, who ha 
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developed more highly orpmized delusional systems, these persisted through the 
first two or three weeks of convalescence In two patients, defective judgment 
persisted until well after return to the TJmted States, foUowmg two months of 
convalescence Delirium did not appear m mild cases It was seen occasionally 
m the moderately ill It was commonest m the dangerously lU 

Twenty sax patients developed a peouhar, persistent restlessness Such mdi- 
viduals would not he qmetly, but constantly thrashed about, sat up, or tned to 
get out of bed. They would not tolerate an oxygen mask, or an mtravenous 
infusion They required constant nursmg Bupervision and sedation They were 
all gravely ill and wore themselves out at a time when their physical reserves were 
precariously low 

Twelve of the 200 patients hod convulsions, voiymg from the severe olomo 
jerkmg type resembhng a chill, to major epileptiform semures They occurred 
as a rule m the third week, although one patient had a convulsion on the sixth day 
Nine of the twelve had shown previous evidence of dangerous illness with severe 
mvolvement of the bram, lungs, or heart In three instances, however, the con- 
vulsion came suddenly and unexpectedly m patients who were not considered 
dangerously ill Nine of these patients died withm six hours after their convul- 
sion. One survived for three days, only to die after a second convulsion. Two 
recovered 

Coma occurred m fourteen patients In two, the onset was gradual In the 
other tn elve it followed a convulsion All but one of these mdi viduals died 

(d) hliscelloneous signs In addition, certom miscellaneous signs seemed to be 
related to the central nervous system inflammation These were persistent hic- 
cough, which occurred m eight patients, all of whom uere senously ill, urinary 
and fecal moontmepce, present m 14 gravely or mortally ill patients , and Choyne- 
Stokes respiration, which was of grave import, 12 of the 14 patients who had it 
failmg to survive 

(e) Focal central nervous system damage was rarely evidenced but u as sus- 
pected m a few cases Five pabents hod difficulty with speech or deglubbon. 
This dysarthria and dysphagia may have been partially or wholly duo to co- 
existent stomatitis and not to a bulbar palsy No defimto spinal cord lesion was 
seen m this hospital, but m another instaliabon one of tho authors observed a 
patient with paraplegia and urinary retention which disappeared m convalesccnco 
and appeared to bo due to spinal cord mvolvement 

(f) Penpheral nerve signs The majority of pabents with scrub typhus com- 
plamod of deafness dunng tho second or third wecL Usually tmmtus accom- 
pamed it In a few instances, this was duQ to quimno administration or otitis 
media In most, houever, it was thought to be a true neural deafness It 
usually disappeared with defervescence but occasionally jiersistcd for ivccks or 
months Partial or complete unilateral peripheral se\cnth nerve paralysis oc- 
ourred m three cases dunng their acute illness All cleared promptly with 
defervescence 

A few patients developed paresthesia, numbness and weakness m tho ulnar 
nerve distnbubon ivhich persisted for several weeks hut finally cleared One 
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patient, who was ongmaUy suspected of having a central monoplegia of the nght 
arm, subsequently developed a defimte brachial plexitis with atrophy of muscles 
and anesthesia over the back of the upper arm, the shoulder and the scapula 

(g) Tender toes” The mmor degrees of tender feet were descnbed m the 
section on the “textbook picture” of moderate scrub typhus In these patients 
the pain was only ehcited by vigorously squeezing the toes The sign disap- 
peared with defervescence 

Five patients had severe spontaneous pam m the feet after defervescence, as 
exemplified m the case descnbed under the chmcal picture of “Dangerous Scrub 
T3q)hus They complained bitterly of this pam when their feet were exposed 
to changes in temperature, or to the shght pressure of bed clothes or to washing 
The phenomenon persisted well mto convalescence, and prevented walking and 
normal rehabihtation for a long time It did not occur except m those who had 
been very ill There was no chmcally demonstrable lesion of the penpheral 
nerves or blood vessels m these cases 

(3) Summary Memngoencephahtis was found m all scrub typhus cases at 
necropsy There was leason to thmk that the central nervous system was in- 
volved at least shghtly m almost all patients The memngeal mvolveme'nt did 
not always produce chmcal signs and even when these occmred they mdicated a 
severe, but not necessarily a grave, lUness Confusion, tiemor and myoclonia 
were common Dehnum occurred frequently in the dangerous gioup Mahg- 
nant restlessness or convulsions were among the most ommous signs of the dis- 
ease, and coma was usually followed by exitus 

d The kidney, fluid balance and chemical regulation 

(1) Pathologic findings The renal picture presented great variation Some 
kidneys were practically normal Others showed moderately severe acute 
damage 

In the average case, with antemortem evidences of moderate dysfunction, the 
picture was that of a mild acute nephritis ivith some special characteristics to be 
noted 

The kidney was usually dusky and swollen There was moderate to severe 
gross congestion, some blurring of landmarks, and, as a rule, submucosal pete- 
chiae m the pelvis Microscopically m these cases the glomerular tuft was 
swollen, with the capillary membrane thickened and the lumen often nearly 
bloodless Some prommence of capfilary endothehum was the rule Extrava- 
sation of red blood cells mto the glomerular space was not seen, and leucocytic 
infiltration was almost entirely absent m the tuft itself No damage to glomeru- 
lar arterioles was discovered No thrombi were seen Changes in the tubules 
were usually considerable, with swelhng and granularity of tubular epithehum, 
and occasionally some desquamation Granular casts were usually numerous m 
tubular lumma, and much albummous precipitate was the rule A few hemoglo- 
bm casts were often encountered 

Most characteiistic of the disease, however, was mterstitial infiltration y 
inflammatory cells of varymg but often qmte mtense degree The cells were 
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predominantly lymphocytes, usually rather immature m appearance Plasma 
oelli were often numerous alw These tended to follow the course of the stnate 
vessels of the cortex and medulla, giving a streaked appearance to the tissue A 
moderate degree of interstitial edema was often apparent Congestion of inter- 
stitial capiUones was the rule Hemorrhage was found only as petechiae m the 
suhmucoaa of the renal pelvis and was never extensive m this area 

Increased tissue fluid was observed at necropsy m 30 per cent of cases Tu o 
patients had a small ascites, 300 and 400 cc of sterile, cloudy, yelloii flmd respec- 
tively Three other cases had gelatinous edema m the retropentoneal tissues 
chemical analysis of the edema flmd was not earned out 

(2) ClvMcal phenomena (based on an analysts of 160 consecuim cases) Atten- 
tion was first directed to the renal manifestations of scrub typhus by findmg? 
encountered m an Amencan officer patient adimtted m November 1943 Durmg 
a very grave illness, he had massive nlbummuna, many coarse granular casta in 
the unnary sediment, fixed unne specific gravity, and, although the daily unnary 
output was 2600 to 3000 co , his blood urea nitrogen remained over 60 mgm per 
100 CO for more than ten days with the maximum figure 140 mgm per 100 co 
A transient hypertension (140/100) dunng the early penod of his convelescence 
was the only readunm which could be mterpreted as of renal ongm This case 
was of more than average seventy but illustrates many of the laboratory and 
ohmeal changes to be desenbed below 

(a) Albummuna Albunununa m some degree occurred m most of the cases 
Moderate ("two-plus”) or marked albummuna occurred in 24 per cent of the 
cases, usually dunng the second and third weeks, but sometimes as early as the 
first few days It was more frequent m those m whom the disease was severe 
than m the milder cases 

(b) The sediment Urinary casts, other than a few hyalmo casts, were observed 
only m patients with albunununa and especially m those with massive albummu- 
na. They were charactcnstically qmto uniform m size and shape, ffictremely 
coarse, granular, often dark brownish yellow m color, and frequently present m 
enormous numbers The paucity of other sediment abnormahties ivas stnkmg 

Bed blood cells were present in the unnes of only nmo per cent of the coses, and 
m these patients only m very small numbers 

(c) Reduction fn unne concentration In 21 per cent of the cases, the specific 
gravity remamed between 1 009 and 1 011 in repeated observations This 
isosthenuna, when present, occurred dunng the latter part of the second week 
and m the third w eek of illness In some instances it was comcidcnt ivith a namg 
blood urea nitrogen and definite ohguna, and was commonest in the grave and 
mortal coses, about 40 per cent of whom showed this findmg This isosthenuna 
was clearly distinguishable from the low specific gravity (usually well below 
1 010) OBsociated ivith convalescent clcanng of extracellular flmd 

(d) Reduction in unnary volume The unne volume of most patients was 
largo, as an mtako of 2600 to 3600 CO of flmd per day was maintained A24-hour 
urmo V olumo reduced to 600 cc or less, permsting for one to three dai s, occurred 
in 13 per cent of tho coses, one quarter of whom had complete anuna for one or 
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more days These patients were gravely or mortally lU Twenty-eight per cent 
of them had edema 

(e) Diuresis A urinary output m excess of mtake for one or more days, ocour- 
rmg late m theiebnle course or at the start of convalescence, was observed m 38 
per cent of the cases, m about half of whom there had been a precedmg period of 
ohguria From 100 to 8500 cc of excess flmd were excreted m all, over penods of 
1-8 days, the largest amounts m sicker patients and m those with edema and with 
ascites 

(f) Edema Pittmg edema, m var3ang degrees of seventy and exhibited espe- 
cially m the face, hands, pretibial area and dorsa of the feet, was present m 10 per 
cent of cases, all of whom were severely ill A number of other patients had 
puffy faces without frank edema Moderate ohguna (less than 1000 cc of unne 
m 24 hours) preceded or was comcident with the edema m 79 per cent of the 
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edematous patients One third of these had a marked ohguna— the output was 
less than 500 cc per day for one to three days Hypoprotememia occurred no 
more frequently m the edematous patients than m the group as a whole 

(g) Ascites This was present in seven of 200 patients, m two of whom the 
excess pentoneal fluid was diagnosed only at autopsy It was never more than 
moderate m amount In six of the cases, edema and low serum chlondes were 
associated with the ascites The remammg patient had hepatitis and jaundice, 
possibly an mtercurrent, unrelated disease, and will be discussed elsewhere 

(h) Azotemia Transient shght blood urea mtrogen elevations were very fre- 
quent, except m mild cases Elevations of over 50 mgm per cent were observed 
m seven per cent of the patients, all of whom were gravely or mortally ill In two 
fatal cases, elevations of over 100 mgm per cent were observed (fig 26) 

(i) Hypochlorerma Acidosis Serum chlonde detenmnations were made one 
or more times m 82 patients The level was almost always depressed during the 
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acute phase of the disease, m general falling m the low normal range (650 to 580 
mgm per cent) m the milder cases, lower m the more severe cases Very low 
levels (below 500 mgm. per cent) were observed m eight patients, all of whom were 
gravely ill (fig 27) Edema and ascites were more frequently observed m the 
hypochloremic patients, than m the group as a whole Not much eSect on the 
cUonde levels was produced bj the administration of parenteral sahne solution 
The return to nonnal regularly occurred dunng the early convalescent penod 
regardless of the therapy employed In the 13 patients, all gravely ill, for whom 
carbon dioxide rombimng power of the plasma was estimated, all levels were 
below 55 volumes per cent, the majonty lymg between 30 and 40, with tw o below 
t.big range Smce the chlonde levels frequently were also low, it can be reasoned 
that a significant lowering of total base occurred 
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Tbo lowest fiffurGS obtained in detenruoations on S2 casoa are given, oxpreseod aa per 
cent of the total of each eeventy group 

( 

(]) Hypoproteinemia Serum protein levels were above 6 0 grams per cent m 
two-thirds of the cases Ten per cent were defimtely low (below 6 0 gtns per 
cent), the remainder being intermediate There was no regular correlation of 
hypoprotemerma inth any other chmeal manifestation, mcludmg seventy of ill- 
ness and edema Albumm globulm ratios were not determined m ilmerican 
patients A few determinations on Chmeso scrub typhus cases revealed a 
lowered eorum albumen with mereased globulm and reversal of the ratio, although 
the total scrum protein values were normal 
(k) A slight but defimte hypertension in the early convalescent period was ob- 
served m two patients, m both of whom the acute phase of the disease had been 
grav e The highest lev cl w as 160/110 and in this patient there w aa retmal artc- 
nolar spasm The other patient was Case #05 (sec case report) In neither 
instance did the hypertension last longer than one mouth 
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(3) Discussion The occurrence of heavy albummuna and cyhndruna, isosthe- 
nuria, marked ohguria or azotemia exceedmg 50 mgm of blood urea mtrogen per 
100 cc all justified assigmng any patient to the "dangerous” group Although a 
thu-d of the autopsied cases had clmical and pathologic evidence of acute nephntis 
and the statistical mortahty of patients with renal dysfunction was high, we did 
not feel that the kidney lesion was as important as other factors m determumig 
the, outcome In the absence of major pulmonary and cerebral dysfunction, 
patients manifesting signs of nephntis mvanably survived, mcludmg a case, 
whose blood urea mtrogen reached 140 mgm per 100 cc 

Pittmg edema, ascites and hypochloremia below 500 mgm of NaCl per 100 cc 
were confined to severe lUnesses Shght flmd retention, evidenced mainly by a 
diuresis near the end of the febnle penod was not mdicative of seventy and, with 
shght hypochlorerma or azoterma, could occur m moderate or even mild illnesses 
Diuresis was one of the most reassuring of prognostic signs, no patient m oih 
expenence died after this was well established 

Flmd retention m scrub typhus was not clearly explamed by our data It may 
depend upon the combination of several factors Although we did not study 
enough albumen-globulm ratios to be sure of the frequency of albumen reduction, 
we suspected that the change m plasma osmotic pressure was probably important 
In addition, the renal lesion combmed with reduction of renal circulation prob- 
ably played a part m patients who had ohguna 

The hypochlorerma was comparable m degree to that reported m lobar pneu- 
moma Its mechanism could well have been similar That is, a shift of electrolyte 
to the tissues, rather than actual loss of base from the body This might also 
have been a factor m flmd retention 

(4) Summary Evidences of acute nephntis were found m about one-third of 
scrub typhus necropsies The more frequent laboratory findmgs mcluded 
albummuna, coarse granular casts, isosthenuna, moderate azotemia and m rare 
cases anuna and uremia Hypertension occuned dunng convalescence m an 
occasional case 

Flmd retention was manifested as ohguna with subsequent dimesis, and less 
often, as generalized edema with or without ascites The serum chlondes were 
frequently below normal Total serum proteins were usually withm normal 
hmits but sometimes subnormal levels were found Albumen-globuhn ratios 
were not done routinely, but a few determinations m Chmese patients showed a 
reversal of the ratio 


e Hepatic phenomena 

(1) Pathologic findings At autopsy the hver was enlarged (1700-2400 grams) 
and presented a dry cut surface with mdistmct lobular markings Microscopi- 
cally, a moderate granular degeneration of parenchymal cells was seen, with occa- 
sionally shght fatty metamorphosis Occasionally some disorgamzation of cell 
columns was noted but theie were no areas of necrosis Widemng of the portal 
areas by ceUular infiltration, mostly lymphocytic and monocytic but occasion^y 
with a moderate proportion of polymorphonuclear leucocytes, was usual, but 
mild m degree Often inflammatory cell accumulation along the cell columns. 
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but withm tho sinusoids, was a noticeable feature Evidences of passive conges- 
tion were not seen 

In the three cases coming to postmortem with a histoiy of jaundice, no essential 
differences from the above pcture could be found, nor was the mtensity of his- 
tologio change recognizably greater 

(2) Chntcal findings The frequency of moderate hver enlargement and 
tenderness has been mentioned Enlargements occurred m aU grades of disease 
seventy Tenderness was more common m severe cases but did not mcrcase m 
frequency m the gravely and mortally ill No hver function test was done except 
for a small number of prothrombm tunes, which tended to be slightly low These 
are discussed m the section on Hemorrhagic Phenomena There were no other 
gross signs of hver failure except for icterus m six of 200 cases, averaging 6 7 
mgm per 100 cc of bilirubin. 

Icteno patients were of two types Three of the six had jaundice of five, eight, 
and 23 days’ duration, with the onset between the seventh and tho tenth day of 
disease The patient with the most marked icterus was only moderately dl, 
although he developed ascites Because catarrhal jaundice was oooumng m the 
organizations from which these patients came, the possibihty of a compheatmg 
disease could not be excluded Jaundice did not occur m 250 subsequent cases 
of scrub typhus 

The remauung three loteno patients were mortally ill They developed jaun- 
dice in the third week of disease, from two to five days before death. All had 
“typhus pneumonia” and grave memngoencephahtis Two were ureimc They 
were the only cases m the senes with appreciable microhematuria, 20-30 red 
blood cells per high power field being found m the urinary sediment 

(3) Summary Varying degrees of cloudy sivelhng and parenchymal degenera- 
tion occurred m tho hvera of scrub typhus cases These changes w ere manifested 
clinically by enlargement and tenderness of the hver m a mmonty of patients 
Liver failure was very rare and occurred only inth other evidences of overw helm- 
mg infection 

f Hemorrhagic phenomena 

(1) Qeneral Tho hemorrhagio phenomena seen in 200 cases are listed m figure 
2S Shght subconjunctival, pulmonary and nasal bleeding was occasionally seen 
ns an isolated phenomenon m cases whose illness was not severe Othmviso, 
there was a direct correlation of hemorrhagic manifestations ivith seventy as tho 
table shows In addition to those listed, all fatal cases show ed multiple pctechiae 
beneath serous surfaces, particularly the pleura, epicardium and renal pelvis 
Microscopic cerebral hemorrhages were also usually seen 

(2) Qaelrointesitnal Tho only massive hemorrhages m our cxpcnencc were 
gastromtcstmal They were responsible for tivo deaths m 500 cases, and two 
other patients were placed m grave danger Smaller amounts of blecdmg also 
occurred These hemorrhages were sudden and unpredictable. They might 
occur at any Ume after the first week and m patients whose degree of illness was 
otherwise only moderate No ulceration or blecdmg pomts were found at 
autopsj m the two fatal cases, although tho Beyer’s patches were hvoertroohic 
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Approximately three hters of blood were found m the gut of the two fatal cases 
In one survivor, the hemoglobin fell from 13 0 to 5 2 grams 

(3) Other hetnorrhagtc 'phenomena Hemoptysis usually was insignificant 
Howevei, two mortal cases expectorated almost pure blood for two days before 
exitus Two locahzed subdural hemorrhages occurred Massive mtracranial 
bleedmg was not seen though it has been reported from other installations m this 
area 

(4) Gangrene Gangrene was seen only once m a very ill patient who had a 
gangrenous ulceration of the hp The ranty appeared to be explamed by the fact 
that fibnnous thrombi were almost never found at autopsy 

(5) Ahnormahiy of the clotting mechanism The hemorrhagic manifestations of 
scrub typhus appeared for the most part to be related to capillary damage 
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Severe 

Grave 

Mortal 
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Number of patients 

61 

68 

36 

18 

17 

200 

Number showing any 
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hemorrhage 

2 (3%) 

6 (9%) 

10 (28%) 

10 (66%) 

17 (100%) 

66 (28%) 

Types of hemorrhage 







Subconjunctival 
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Epistaxis 
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Hemoptysis 
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Fig 28 Incidence of Hbmobbhagio Phenomena in 200 Cases 


However, CaptamH H Hodges discovered certam abnormahties m the clottmg 

mechanism which may have been contributory One or more coagulation time 
detenmnations (10 mm tube) were made on 28 patients, selected from a total of 
150 because of a bleedmg tendency (bowel hemorrhage, excessive epistaxis, sub- 
conjunctival hemorrhage), a very flond rash, or a severe illness Prothrombm 
levels were determmed for eight of these cases The results were as follows 
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75-100% 

5 
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55- 65% 
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45- 65% 
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Less than 20 nun 
20 to 30 nun 
30 to 40 nun 
40 to 60 nun 
Over an hour 
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Two of seven patients with prolonged coagulation tune also showed incomplete 
clot retraction m 18 hours and unequivocally low platelet counts Their bleedmg 
tune was prolonged and the tourmquet test was strongly positive 
These abnonnahties of clottmg mec h ani sm were treated with parenteraUy ad- 
ministered vitamm C and Kj which were given to all patients who showed 
hemorrhagic manifestations Clottmg time returned to normal m all cases 
withm SIX days after institution of therapy Slve days after treatment was be- 
gun, prothrombm levels were 100 per cent m the only two patients m this group 
on whom this test was done This suggests that hver mjury could not have been 
severe 

Thus, a considerable proportion of jiatients with severe scrub typhus when 
tested Aowed abnormahty of the clottmg mechanism. A somewhat lowered 
prothrombm level was frequently associated with prolonged clottmg Smce 
prothrombm m the range of 60 per cent of normal is not low enough to prolong the 
clottmg tune, other unknown factors must have been operative 

g Excative fever 

■Jlia character of the fever curve and the total duration of pyrexia m scrub 
typhus oases have been described m a previous section and m figure 13 The latter 
illustrates the impiossibihty of oorrelatmg seventy of disease with duration of 
fever e-vcept m a general way The heig^it of the fever, however, and the fre- 
quency of occurrence of high temperatures was often of prognoetio value 

Low fevers, not exceedmg one day at 104°, were confined to the mild and mod- 
erately ill and no patients with this degree of fever died Several spikes to 104° 
frequently occurred m the moderately ill and a ere not cause for alarm, but only 
the severely ill had this much fever for more than a week. A amgle day at 105° 
did not appear to be very significant 

Very high fever, 106° or more for three or more days, was found to have an 
ommous import fifty per cent of patients who manifested, this died. Even a 
amgle spike to 106° justified alarm. 

Thus, e.vtreme fever had much the same prognostic significance as the various 
signs of major organ dysfunction which have been discussed m this section Such 
patients ivere always severely ill, although gravely ill patients aluays had signs 
of major organ dysfunction as well Seventy-eix per cent of 17 deaths had exces- 
sive pyrexia. Very high fever was an important manifestation of dangerous 
illness even though many dangerously ill patients foiled to have this sign 

h Summary of dtagnothc eigne and their prognostic value 

General In the average case of scrub typhus, durmg the first week there wore 
no signs by which the probable outcome could bo determmed Occasionally a 
high fever at this time indicated a severe course Durmg the second and third 
weeks, however, certam phenomena apjiearcd which justified placing the patient 
m the “severe” or the ‘‘grave”grouii3 with respective mortahties of appraximately 
26 per cent and 50 per cent However, until the disease was deftmtely on the 
dechno one could not bo sure that these features would not appear Consc- 
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quently, the diagnosis of mild or moderate scrub typhus, which earned piacticaUy 
no moitahty was not justified until defervescence was defimtely established 
These categones were useful primarily m the management of convalescence not 
in prognosis ’ 

A case of scrub typhus was assigned to the ‘'severe" group on the basis of any 
one of the foUowmg 

(1) An alarmmg mcrease of the general evidences of illness m the second week 

(2) More than the usual amount of fever over a week of peaks to 104°, or 

105° for more than two days ’ 

(3) Frank chpical signs of dysfunction of an important organ 

(a) Signs of "typhus pneumomtis” Respirations 36/mm 2 days, cyanosis 

of the skm 

(b) Signs of menmgoencephahtis Severe delmum, menmgismus 

(c) Signs of nephritis. Azotemia over 50 mgm per cent, isosthenuria, 

heavy albummuna and cylmdruria 

(d) Marked enlargement of the heart or sharp T-wave mversion m the 

electrocardiogram 

(e) Pittmg edema with or without ascites 

(f) Multiple hemorrhagic phenomena 

The appearance of any of these phenomena mdicated that statistically the 
patient’s chances of survival had been reduced from 19 m 20 to about three m 
four 

A severe case of scrub typhus was considered m the "grave" group on the basis 
of one of the foUowmg findings 

(1) A steady mcrease of illness durmg the third week 

(2) Very high fever 105° for five days or 106° for two days 

(3) Signs of severe dysfunction of more than one vital organ, or evidence of 

severe inflammation of the central nervous system and the lungs Of 
these, the most common were the foUowmg 

(a) Extensive pneumomtis Persistent cyanosis out of oxygen, respuatory 

rate 50/mm for two days, or over 36/mmute for a week 

(b) Encephalitis Mahgnant restlessness, Cheyne-Stokes respuation, a 

convulsion, coma 

(c) Severe nephntis Anuna 

(d) Tachycardia exceedmg 130 per mmute 

The appearance of these phenomena mdicated that, statistically, the patients 
chances for survival were 26 to 50 per cent We have never seen a patient re- 
cover whose cyanosis was unreheved by oxygen or who had persistent hy- 
perpnoea, pulmonary edema or coma lastmg 24 hours Figure 29 is an analysis 
of the statistical prognosis of a group of ommous phenomena 

1 Extrinsic factors influencing seventy 

Although m the first week, no individual case can be classified as mild, moderate 
or "dangerous”, two factors clearly influenced the percentage of patients who fell 
ultimately mto the various groups The first was the general condition of the 
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patient before he developed the disease Malnutntion, exhaustion, and the 
occurrence of other diseases, principally dysentery and malaria, raised the statis- 
tical chance of developmg severe scrub typhus Secondly, the avnilabihty of 
good medical care m the first week seemed to be very important Patients who 
to continue marchmg and fighting for tactical reasons dunng the early days 
of their infection were much more likely to become severely ill This was well 
illustrated by the high morbidity and mortahty m the outbreaks among troops 
who were actually engaged m active jungle combat (groups 3 and 6, figs 1 and 2) 
It can be seen from the tables on mcidenco of seventy m our five groups of 
patients (fig 2) that the great vanablo is the number of severe oases and the 
degree of this seventy, i e the number who became gravely and mortally ill 
Smeo the relative proportion of mild cases was fairly constant m all outbreaks, 
the number of moderate cases vaned mversely with the number of severe infec- 
tions Thus it would appear that it was the moderately ill patient w ho ivas most 
adversely affected by deficiencies of early care and that severe cases were rc- 
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ermted nuunly from this group It must be admitted, honever, that the factors 
of individual resistance to infection and vonations m nckettsial virulence m 
different foci cannot be evaluated m the present state of our knowledge 
Awareness of the patient’s pro typhus state of health and the quohty of his 
early care was unportant m prognosis, but where these factors were not operative 
there was no guarantee that grave or mortal illness would not occur One of our 
fatal cases among the service troops nns m excellent health before ho developed 
scrub typhus and was admitted for a mmor complaint before the onset of fever 
In spite of all our efforts, ho died m 1-1 days (fig 21) 

0 CONVAUESCEACB 

0 , Complications of the firsl two afcbnlo iceeks 

During the first two afcbnlo (or subftbnle) weeks, certain comphcations might 
occur for the first time 
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The most senoua was a sudden, convulsion followed by exitus This did not 
happen in our hospital experience, but at least two instances occurred m other 
hospitals m this area There seemed to be no way of predictmg or preventme 
this lare disaster 

Intestinal hemorrhage might occur as late as the end of the second week of 
convalescence It nearly caused the death of one of our patients whose acute 
lUness had been only moderate 

Thrombophlebitis occurred occasionally It might be manifested only as a 
low unexplamed fever for many days, or by pam m the calf and toes of the affected 
leg with a positive Homan’s sign, clearcut findmgs of venous obstruction develop- 
mg later 

Pulmonary embolism comphcated at least three of our cases of thrombophle- 
bitis The occurrence of hemopt 3 rsis m convalescence strongly suggested such a 
diagnoses None of the emboh were lethal 

Post-typhus pleurisy This comphcation occasionally appeared dunng defer- 
vescence but was usually delayed for days after the fever subsided Ten per 
cent of the statistical senes of 200 developed pleunsy Pam m the chest, the 
shoulder or the upper quadrants of the abdomen was the earhest diagnostic sign 
Sizeable effusions did not occur, and small amounts of flmd, when present were 
sterile Fever was usually m the vicimty of 100-101° In most cases, the fever 
disappeared m four days, and the chnical evidences of pleunsy subsided m seven 
days 

Subcutaneous abscesses or suppurative lymphademtis, usually staphylococcal, 
occurred occasionally m greatly debditated patients 

Subdeltoid bursitis was occasionally seen 

The S 3 aidrome of “tender toes” has already been descnbed, it comphcated the 
convalescence of a few severe cases 

One and three-tenths per cent of cases developed uveitis early m convalescence 
This subsided imeventfuUy m all but one patient who developed a secondary 
glaucoma 

b Subsequent course 

(1) General After the first two weeks, new symptoms were rarely associated 
with orgamc disease unless accompanied by objective signs Patients complamed 
of a vanety of things precordial pam, sometimes referred to the shoulder or arm, 
palpitation, subjective exertional or nocturnal dyspnoea, vertigo and timutus 
annum Many were nervous, hypochondnacal and querulous 

(2) The heart after defervescence Evidences of cardiac enlargement disappeared 

withm two weeks after convalescence began except for Case ^ 95, m whom it per- 
sisted for over three weeks P-E mterval prolongation likewise returned to nor- 
mal vuthm two weeks except m two cases m which it lasted three and eight weeks 
respectively (fig 24a) 

ES-T segment deflections and T-wave mversions m the chest leads tended to 
persist longer one case two weeks, one case four weeks, two cases five weeks and 
one eight weeks after the subsidence of fever (fig 25) Furthermore, m two cases, 
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the electrocardiographic changes increased during early convalescence and were 
maximal m the third afebnle week (fig 26, 1, o) 

The symptom complex known as the “effort syndrome” bften appeared m 
convalescence As far os we could tell, it bore no relation to rickettsial myocar- 
ditis, imd was a product of general weakness and neuropsychiatnc factors 
Because certam statements had appeared m the hterature concemmg heart 
disease peraistmg after scrub typhus, we made a careful cardiovascular study of 
26 unselected mild, moderate and severe cases, after reconditiomng for combat 
duty had been completed. All findmgs were normal, mcludmg physical eiamina- 
tion, blood pressure, electrocardiogram, cardiac size by chest film and fluoroscopy, 
and exercise tolerance The most dangerously ill cases did not appear m this 
group smee most of these were dispositioned to the Zone of the Interior 

7 THEEAPT AND UANAQEMENT 

a. Aaiia tcrab lyphus 

(1) Mild and moderalely seucre scrub typhus There are four essentials m the 
treatment of all scrub typhus cases rest, nutation, flmds, and adequate nursing 
care 

Rest It IS common to find scrub typhus cases m the first week who do not feel 
extremely ill and w ho are anxious to have latnne privileges It is also common to 
see patients whose first week of disease is very mild, who develop high fever and 
signs of major organ damage m the second week or later It is impossible to 
predict which coses these will be Consequently every effort should bo made 
from the outset to prevent depletion of resources and to prepare the mildest- 
appeanng case to withstand a major ordeal to come Absolute rest should be 
insisted upon from the earliest possible moment, no matter what the apparent degree 
oj severity 

A Qatch frame or other support is necessary to insure the maximum rest, smee 
patients persist m trymg to sit up m bed and usually desist if placed m a scmi- 
Foiiler position Sedation with barbiturates or chloral hydrate should bo used 
when necessary 

Nutrition It has often been said that scrub typhus patients will not cat 
However, the truth of the matter is that m most instances the patients unit not 
make an cjjort to nourish themselves They aro apathetic and weak rather than 
capnciously anorexic If on attendant places a troy of food on the side table, the 
patient well moke httio attempt to eat 'When we established the procedure of 
plying the patients with small sandwiches and nutations flmds every two hours, 
and of havmg the nurse actually feed the sicker patients, the vast majonty at- 
torned an adequate caloric mtako The Red Cross personnel who volunteered 
for this service during an emergency may well have saved n'number of hv es 
A semi-soft diet high in protem and carbohydrate is mdicatcd A rare case 
may reqmro tube fcodmg “Shotgun" vitomm therapy was used m all cases 
Vitamm Iv. w os given parentcrally to all jaundiced patients and to a number of 
othcra who showed hemorrhagia tendcncica and a somewhat low prothrombm 
activitj 
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wIS a large amd intake Fluid loss from the akm 

M high Drenching sweats occurred during the remissions of fever, and insen- 
sible perspirations must have been great when the fever was high In monsoon 
heat, t^ loss was further exaggerated We administered a mmimum of three 
hters of fluid a day to all patients and attempted to mamtam a urmaiy volume of 
between one and two hters per twenty-four hours This was particularly impor- 
tant m the presence of azotenua, and even m the presence of pittmg edema we 

attempted to keep the urme volume large, although the chlonde mtake was kept 
low m such cases 

In almost all patients this flmd mtake was attamed by oral administration, but 
when mtravenous infusions were necessary we gave them slowly and without 
mcident (Five per cent glucose in water was generally used ) We never saw 
an instance where untoward effects could be attnbuted to an infusion, even m 
patients with cardiac enlargement or other evidence of myocarditis Intrave- 
nous flmds should not be withheld when clear indications for them exist 

Salt administration m scrub t3rphus can easily be overdone Even when serum 
chlorides were very low, it was impossible to raise them much without causing 
edema Consequently we supplemented the dietary mtake with small amounts 
of oral sodium chlonde or with physiologic shit solution when parenteral flmd was 
given for other purposes, but never permitted the total salt mtake to exceed ten 
grams a day, usually only one or two grams when the dietary seemed properly 
balanced 

Nursing care The importance of staflhig a typhus ward with nurses expen- 
enced m carmg for patients with this disease cannot be overemphasized The 
administration of food and flmd, the care of the mouth and skm, the fine adjust- 
ments of sedation and oxygen therapy, and the ceaseless vigilance required m 
keepmg patients m a state of rest and confidence calls for the utmost m nursing 
competence We beheve a scrub typhus patient is far better off with expenenced 
nurses and a doctor who has only average knowledge of the disease than would be 
the case if the reverse were true Although at first we isolated patients carefully , 
fearmg transmission of the disease m the hospital, no case of hospital infection was 
ever seen, and isolation was discontmued 

( 2 ) Dangerous scrub typhus When evidences of a severe infection appear, three 

additional therapeutic measures may become essential These are oxygen, blood 
transfusions and heroic sedation 

(a) Oxygen Oxygen was administered to all cyanotic patients, usually a 
eight hters per mmute, by means of a BLB mask of the closed type CyanoM 
usuaUy disappeared withm a short tune after oxygen was begun Later, m the 
course of the disease, if cyanosis persisted despite oxygen, death always occurred 
One might thmk that oxygen should have been started when tachoqinoea a^ 
peared, before frank cyanosis became evident We have not found this to be 
helpful, but all patients with rapid respirations must be watched carefully or 
first sign of “duskmess” of the skm 

The^advantages of administermg oxygen by mask he m the /I cLteo^ 

: restlessness and apprehension We have used sedatives freely to control 


mcrease ; 
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high enough concentrations for the abohtion of cj anosis natients 

(h)B\ooA transfuaon In aU, Mty transfusions rvcrc given to the 200 patients 
the statistical senes The most obvious indications were mtotmal hemor- 
mge, and abnormahtica of the clotting mechanism. Another micaUon ^aa a 
rave illness vnth its relatively marked drop in hemoglobin. Half t^ 
ons gnen were administered to this group It was our impression that defimte 
enefit resulted from this therapy There was never any evidence that, giv en 
lowly, it overburdened the circulation, even in the face of cardiac enlargement 
>lasma was used only to combat hypoprotememia 
(c) Heroic sedation Many gravely HI patients developed a state which we 
mve termed “mahgnant restlessness” They thrashed around the bed con- 
stantly, sat up, attempted to get out of bed, and appeared to be depleting their 
reserves rapidly In such cases, barbiturates were usually ineBective The best 
resultswereobtainedbyrectal paraldehyde, 30cc in oil, repeated every few hours 
if necessary Althou^ we have no absolute proof of the value of this measure, it 
was our impression that it was sometimes hfesavmg Hare cases could onlj be 
quieted by mtravenous sodium amytal, one patient requiring 1 6 grams within 
an hour 

hlorpbme was useful m the milder cases, especially when pam was an important 
factor m them restlessness It was not used m the presence of any evidence of 
reduced respuatorj function 

Lumbar puncture was done m a number of mdividuah with headache and stifi 
neck. Drainage of 15 to 20 cubic centimeters of cerebrospinal flmd appeared to 
give some relief from pain. 

hlanagement of acute myocarditis Ho specific therapy was directed at the 
mjocardium. Digitalis was not prescribed because congestive failure did not 
appear We felt that our patients were receiving adequate general care for an 
acute myocarditis because of the routine of absolute rest, the semmrthopnoeio 
posibon attained by the use of a Catch frame, the control of restlessness by 
sedation and of cyanoas by oxjgen Intravenous flmd and blood were given 
cautiously, for we assumed that every seriously iH patient rm^t have a severe 
ncket^ myocarditis However, flmds were never withheld when clear mdica- 
tiona for them, existed, 

(3) TreatnMU<i/complicaltnginfetlum$ Most of ourpatientshad been exposed 

o and many had received atabnne and/or quinme before thej 

us W a usually contmued these drugs, and Eometimes ourselves imtiated anh 
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b Therapeutic expenmenis 

(1) Penicillin Duimg the early su mm er of 1944, peniciUin was given an exten- 
sive trial, in the hope that it might have some beneficial effects on scrub typhus 
Thirty-six patients were treated with total dosages vaiymg from 500,000 to 
6,500,000 Oxford Umts (the average bemg 1,500,000) The drug was admmis- 
teied mtramuscularly m 25,000 umt doses or more every three hours Therapy 
was instituted at almost every stage of the disease from the second to the seven- 
teenth day and m patients of all grades of seventy At first, we were hopeful 
that some benefit had resulted, but eventually were forced to the conclusion that 
pemciUm did not abort the disease, make its course milder, reduce the mcidence 
of signs of major organ damage m severe cases, nor prevent patients from dymg 
Furthermore, some patients who had received the drug for many days developed 
evidences of secondary infection m spite of this therapy, two having pneumococci 
in their sputum and one havmg severe purulent bronchitis and bronchopneumoma 
at necropsy The possibdity of developmg pemcfilm resistant strains m patients 
who later m their disease might have a real need for bactericidal agents appeared 
to contramdicate the routine use of pemcilhn 

(2) Immune blood and plasma therapy This form of therapy was not found to 
be beneficial, but smce others may be tempted to try it, our attempt will be de- 
scnbed m some detail 

Twenty-two of the first 30 survivors m the statistical senes were bled twoito 
five days after their fever had subsided It was found that even those who had 
been severely ill tolerated the loss of 500 cc of blood very well Except for shght 
pulse rate mcreases for several subsequent days, there were no untoward reac- 
tions One patient who had only 12 0 grams of hemoglobm was transfused 
immediately followmg venesection A umt of plasma was administered to the 
first few donors but was found to be unnecessary Convalescence did not seem 
to be retarded by the bleedmg 

About 10,000 cc of convalescent blood were thus obtamed The tune of 
venesection was almost always the fourth week of disease although a few patients 
Avere bled m the third week The Weil-Fehx titer was usually maximal oi begm- 
mng to fall The Proteus OX-K titer varied from 1 50 to 1 200 

Our first three subjects were the second, third and fourth typhus deaths m the 
series They were desperately ill when transfused No untoward reaction 
appeared to result from the procedure , nor was there any obvious beneficial effect 
It was clear that dymg patients could not be saved or even temporarily helped 
bj’^ immunotransfusions up to 750 cc (fig 30) 

We w ere then fortunate m receiving a large influx of early cases m the next few 
weeks Three of these were selected for immunotherapy Transfusions were 
given on the fourth, fifth and sixth day of disease Our dosage was not massive 
by some standards The equivalent of 2000 cc of whole blood was given at most 

The results of therapy m the three survivors were not such as to argue for its 
effectiieness (fig 30) One patient had an uneA’^entful mild course but showed 
the usual amount of fever and general illness for this grade of disease seventy ^ 
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Of the remaining two cases, one had repeated severe reactions to the plasma and 
then became so ill that his survival was in doubt and he was given pemciUin in 
full dosage. He had ‘typhus pneumoma”, uremia, transient anuna, edema and 
ascites, and was clearly m the “grave” group The last patient, )S(40, ran a 
typically severe course ivith high fever, compheated by cardiac enlargement 
There is no evidence that the course of these three patients was alleviated by 
mimunotherapy It was not felt to be worth the uhilc to make further trials of 
immune blood after our original stock was exhausted 

(3) Air-condtlioning In June, 1344, after 150 cases of scrub typhus had been 
treated m this hospital, we n ere fortunate m obtammg air-conditioned wards for , 
the subsequent 300 acutely ill patients lUthough, as figure 1 shows, there was 
an immediate and dramatic drop m mortahty, a multiphcity of factors were 
operative, malong a controlled experiment impossible The rigors of jungle 
piarclung had given place to fixed warfare at the Myitkyma siege and facdities 
for early medical care and prompt evacuation were available When jungle 
combat was resumed m the winter of 1944^1946, the mortahty rose once more to 
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the level reached m ilay, 1344 (fig 1), despite the fact that all cases were treated 
m air-conditioiied wards 

Hone the less, the value of air-conditioned wards for scrub typhus patients 
under tropical conditions appeared to be defimte Sweatmg was r^uced and the 
comfort and morale of the patients improved greatly The ward staff were re- 
quired to devote less time to sponging patients and changmg beddmg and could 
devote more time to administermg food and flmd and to givmg general care 
Oxygen masks were better tolerated in a cool environment Thus, although 
convmcmg statistical proof was not obtained, we felt that au-condiboiung was 
one of a number of unportant therapeutic imponderables which might turn the 
tide m a favorable direction for dangerously ill patients 

c TAe management of convaletcenee 

(1) Diaposilion of convalcseenis Convalescents were classified mto the foUow- 
mg groups at the conclusion of the febnle period, on the basis of the temperature 
chart and the signs of major organ damage durmg the febnle stage 

Jlild— less than two weeks of fever, with lOlT not more than once 










210 


SAYEN, POND, FOREEBTER AND -WOOD 


b Therapeutic experiments 

(1) Penicillin Duimg the eaily sum m er of 1944, pemcillm was given an exten- 
sive trial, in the hope that it might have some beneficial effects on scrub typhus 
Thirty-six patients were treated with total dosages varymg from 500,000 to 
6,500,000 Oxford Umts (the average bemg 1,500,000) The drug was adminis- 
tered mtramuscularly m 25,000 unit doses or more every three hours Theiapy 
was instituted at almost every stage of the disease from the second to the seven- 
teenth day and m patients of all grades of severity At first, we were hopeful 
that some benefit had lesulted, but eventually were forced to the conclusion that 
pemcilhn did not abort the disease, make its course milder, i educe the mcidence 
of signs of major organ damage m severe cases, nor prevent patients from dymg 
Furthermore, some patients who had received the drug for many days developed 
evidences of secondary infection m spite of this therapy, two havmg pneumococci 
m their sputum and one havmg severe purulent bronchitis and bronchopneumoma 
at necropsy The possibihty of developmg penic illin resistant strains m patients 
who latei m their disease might have a real need for bactericidal agents appeared 
to contramdicate the routme use of pemciUm 

(2) Immune hlood and plasma therapy This form of therapy was not found to 
be beneficial, but smce others may be tempted to try it, our attempt will be de- 
scnbed m some detail 

Twenty-two of the first 30 survivors m the statistical senes were bled two to 
five days after their fever had subsided It was found that even those who had 
been severely lU tolerated the loss of 500 cc of blood very well Except for shght 
pulse late mcreases for several subsequent days, there weie no untoward reac- 
tions One patient who had only 12 0 grams of hemoglobm was transfused 
immediately foUowmg venesection A umt of plasma was administered to the 
first few donors but was found to be unnecessary Convalescence did not seem 
to be letaided by the bleedmg 

About 10,000 cc of convalescent blood were thus obtamed The tune of 
venesection was almost always the fouith week of disease although a few patients 
were bled m the thud week The Weil-Fehx titer was usually maximal or begm- 
nmg to fall The Proteus OX-K titer varied from 1 50 to 1 200 

Our first thiee subjects were the second, thud and fourth typhus deaths m the 
series They were desperately ill when transfused No untoward reaction 
appeared to result from the procedure , nor was there any obvious beneficial effect 
It was clear that dymg patients could not be saved or even temporarily helped 
by immunotransfusions up to 750 cc (fig 30) 

We were then fortunate m receivmg a large influx of early cases m the next few 
weeks Three of these were selected for immunotherapy Transfusions were 
given on the fourth, fifth and sixth day of disease Our dosage was not massive 
by some standards The eqmyalent of 2000 cc of whole blood was given at most 

The results of therapy m the three survivors were not such as to aigue for its 
effectiveness (fig 30) One patient had an uneventful mild course but showed 
the usual amount of fever and general illness for this grade of disease severity - 
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Of the remammg two cases, one had repeated severe reactions to the plasma and 
then became so ill that his survival was m doubt and ho was given pemcillm m 
full dosage He had “typhus pneumoma”, uremia, transient anuna, edema and 
ascites, and was clearly m the "grave” group The last patient, ^40, ran a 
typically severe course with high fever, complicated by cardiac enlargement 
There is no evidence that the course of these three patients was alleviated by 
immunotherapy It was not felt to be worth the while to make further tnnls of 
immune blood after our ongmal stock was exhausted 
(3) Atr-condtiiontng In June, 1944, after 160 cases of scrub typhus had been 
treated m this hospital, wo were fortunate m obtaining air-conditioned wards for , 
the subsequent 300 acutely dl patients iVIthough, as figure 1 shows, there was 
an immediate and dramatic drop m mortality, a multiphcity of factors were 
operative, makmg a controlled experiment impossible The ngors of jungle 
marchmg had given place to fixed warfare at the Myitkyma siege and facihties 
for early medical care and prompt evacuation were available When jungle 
combat was resumed in the wmter of 1944-1945, the mortabty rose once more to 
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the level reached m'May, 1944 (fig 1), despite the fact that all cases were treated 
m air-conditioned words 

^one the less, the value of au-conditioned wards for scrub typhus patients 
under tropical conditions appeared to be defimte Sweatmg was reduced and the 
comfort and morale of the patients improved greatly The ward staff were re- 
quired to dev ote less time to spongmg patients and ehangmg beddmg and could 
uOTOte more tune to administenng food and flmd and to givmg general care 
tbeygen masks were better tolerated m a cool environment Thus, although 
convmcmg statistical proof was not obtained, we felt that air-conditionmg was 
oto of a number of important therapeutic unponderables which might turn the 
de m a favorable direction for dangerously lU patients 

c The management of convalescence 

(1) Disposition of convaUseents Convalescents were classified mto the follow - 
at the conclusion of the febrile period, on the basis of the temperature 
^f 7^1 major organ damage dunng the febrile stage 

* eas than two weeks of fever, with 104®F not more than once 
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Moderate less than three weeks of fever, less than one week at 104°F and 
less than three days at 105°F ’ 

Severe— more fever than Class II or signs of major organ damage 

(a) Puhnonaiy— Eespiratoiy rate of 36 per minute for two days and/or 

cyanosis 

(b) Cardiac — Defimte enlargement (apex impulse well to the left of the mid- 

clavicular hue) or a major electrocardiographic abnormahty 

(c) Central nervous system — ^Menmgoencephahtis, dehnum, stiff neck and 

positive Kermg, focal signs 

Grave — Life m jeopardy, severe “scrub t 3 Tphus pneumoma” (prolonged cyano- 
sis) and severe central nervous system mvolvement (severe dehnum, coma 
or a convulsion) 

Patients in the mild and moderate groups were to be returned to full duty 

Patients m the “grave” group were to be returned to the Zone of the Intenor 

The remaimng 21 per cent in the severe group were the only cases where the 
decision was doubtful, and had to be made on the basis of the patient’s former 
duty, and his progress dunng the convalescent period 

(2) Dzsposihon of these pah&ats was generally earned out as follows The patient 
was told, immediately after becommg afebnle, what his probable disposition 
would be, and fiom this moment on, his physical and psychological convalescence 
was managed with this pomt of view as a background Those defimtely to go to 
the Umted States were segregated and sent off as soon as they could travel The 
rest weie placed m wards under the care of personnel expenenced in the manage- 
ment of scrub typhus convalescents, and were guided gently but firmly m the 
pioper duection 

The average “mild” or “moderate” patient got out of bed about three days 
after defervescence, received latrme pnvileges m a week, and went to the mess 
hall m ten days From that time on he progressed through a special recondition- 
mg program, beginmng with very mild calesthemcs and proceedmg gradually to 
athletics and finally to strenuous marchmg and runmng The whole program 
took about three or four months m those who were to be returned to combat duty 
Each patient was watched carefully and the rate of reconditionmg was mdividual- 
ized on the basis of general appearance, weight, appetite, reaction to effort,^ 
eyeground findm^ and the sedimentation rate If he was pushed too fast he did 
not do well physically If he was not kept steadily progressing he was likely to 
suffer psychologically 

The psychologic reconditionmg of these patients was as important as then 
physical lehabihtation If the medical officer seemed womed or uncertam, 
psychiatric symptoms were hkely to be exaggerated If physical reconditionmg 
was pushed too hard and dyspnoea and palpitation developed, the ward officer 
could readily mtensify an “effort syndrome” by hstemng to the heart, takmg the 
pulse and measunng the blood pressure at frequent mteiwals 

* Evercise tolerance was estimated on the basis of the patient’s general appearance 
after a given amount of exercise, rather than by the so-called ‘'exercise tolerance tests 
) involving measurements of blood pressure and pulse 
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In general it was our policy to pay careful attention to all symptoms which 
appeared dunng the first two weeks of convalescence and consider them signifi- 
cant until proved otherwise If no major comphcationa occurred dunng that 
penod of time, symptoms which developed subsequently were minimiied, unless 
they were accompamed by significant objective signs They often became evag- 
gerated if the patient believed that the ward staff was womed about him With 
proper reassurance, such symptoms generally disappeared m a few days 

(3) RemiUa Of the 472 survivmg Amencan cases, the percentage falhng mto 
the vanous seventy groups were as follows 


MUd 

Moderate 

Sever© 

Grave 


31 % 

42 % 

21 % 

6 % 


Accordmg to our present standards of convalescent treatment, 76-S6 per cent 
of these should have been able to return to full duty m the theater after an ap- 
propnate mterval 

Since these standards were not developed and regularly applied until we had 
studied 172 cases, the results on this first group were leas satisfactory only 62 per 
cent returned to their onginal assignments Most of the rest were returned to 
the Zone of the Intenor In retrospect, we find that more than a thud of these 
were “mild” or “moderate” and could probably have been rehabditated com- 
pletely In this “tnal and error” group of 176, the incidence of psychoneurosia 
was high, because of mexpert management, because of our uncertainty m evalu- 
ating neuropsychiatrio symptoms, and because of the general impression among 
the patients that scrub tjqihus was a disease wth dire sequellae 
The remoinmg 300 cases illustrate the results which may be expected from a 
coordinated plan of convalescent management 
Eighty two per cent were returned to fuU duty, while only 16 per cent, all 
“severe” or “grave”, were reassigned or returned to the Zone of the Intenor 
Three per cent who were “mild” or “moderate” were also dispoationed to the 
Umted States but m every case some cause m addition to the scrub typhus itself 
was present 

(4) Summary The management of scrub typhus m convalescence consists of 
the foUowmg measures 

(a) Careful evaluation of se\enty of disease hy the ward officer who ireaied the 
paiieni, with classification accordmg to the cntena outhned above 

(b) Early decision as to the probable future of the patient on the basis of this 
classification, and commumcation of this decision to him, to TnimmiTo anxiety 
and uncertamty 

(o) Segregation of convalescents m special words with expenenced personnel 
(d) Early mobihiation, great watchfulness for complications m the first two 
weeks, and mimmiang of symptoms thereafter 
(e> A coordinated mdividuahred physical and psychological reoonditionmg 
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program which avoids equally the errors of pushing the patient too rapidly or too 
slowly 

(f) The use of certain objective signs as mmimal cntena for the completion of 
convalescence general appearance, weight, reaction to effort, disappearance of 
eyeground abnormahties and the return of the sedimentation rate to normal 

8 SUMMARY 

In a chmcal study of 616 cases of scrub typhus, we have presented a general 
picture of the disease, differentiatmg the mild and moderate lUnesses which ear- 
ned no significant mortality from severe and grave infections with a mortality 
of 25-50 per cent 

Chmcal vanations were presented with 200 consecutive cases as a basis for 
statistical analysis, amplified by the expenence denved from the entire group, 
together with certam fundamental laboratory findmgs and a discussion of 
differential diagnosis 

Chmcopathologic data on major parenchymal organ dysfunction m dangerous 
and mortal illnesses were given with their diagnostic cntena and prognostic 
significance and correlated with chemical, roentgenologic and electro- 
cardiographic findmgs 

The comphcations and sequellae to be expected m convalescence were de- 
senbed 

An outlme of the therapy'-and management of the acute disease was given, 
together with the results of certam therapeutic experiments and a report on our 
expenence with the problems of convalescent management and disposition m the 
India-Burma Theater of Operations 
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In their comprehensive report on the Management of the Cocoanut Grove 
Bums at the Massachusetts General Hospital, Cope and others (1) recounted 
their expenences with the victims of that holocaust Many of the problems 
which confronted the workers at the Boston City Hospital, both on the mght 
of the disaster and throughout the hospital stay of the patients, were stnkmgly 
different from those encountered at the Massachusetts General Hospital The 
type of personnel, the number of cases, the facihties and arrangements for their 
care, the methods of approach and the details of almost every phase of their 
management were decidedly different at the two institutions A record and 
discussion of some of the expenences at the Boston City Hospital, are, therefore, 
amply justified even at the risk of a certam amount of repetition A number 
of studies made m these cases have already been published (2—12) or will appear 
m due time (13-15) The present report deals pnmanly with the chmcal aspects 
and m a n agement of the respiratory comphcations and with certam other medical 
features of those victims of the Cocoanut Grove fire who were ahve at the time 
of admission to the Boston City Hospital * 

THE COCOANUT GEOVE NIGHT CLUB FIEE, NOVEMBER 28, 1942 

A bnef account of the fire may serve to brmg the present report mto its proper 
perspective and may be particularly helpful for the understandmg of the nature 
and possible causes of the respiratory comphcations The report of Robert S 
Moulton (16), prepared for the National Fire Protection Association six weeks 
after the event, gives the facts of the fire insofar as they could be determined 
from all sources available to him at that tune Kxcerpts relevant to the subject 
matter at hand wiU be quoted from that report, with the permission of its author 

’ The general administration of the study and management of the cases as well as the 
details of the surgical features were under the direction of Dr Charles C Lund who, at the 
time of the disaster, was the responsible investigator m a study of burns at the Boston City 
Hospital The biochemical and physiological studies were earned out by Dr F H L 
Taylor and his staff as part of these studies It is to them and to the members of the visiting 
^ and resident staffs of the Boston City Hospital that the present authors are chiefly indebted 
for the opportumty to make the observations recorded here The pathological and medico- 
legal studies were conducted by Dr Timothy Leary, Chief Medical Evanuner for Suffolk 
County, and his associates Dr Leary’s careful and painstaking pathological observations 
were of the greatest help in clarifying the difficult chmcal problems presented by the severe 
respiratory tract complications with which we are chiefly concerned in the present report 
The special problem airsing out of the finding of hemoglobmuria in a number of severely 
burned cases was studied and reported by Doctors T H Ham and S C Shen (10) and the 
neuropsychiatric features were studied chiefly by Dr Alexandra Adler (11, 12) Needless 
to say, numerous other members of the hospital staff as nell as others contributed volun- 
tarily and generously of their time and skills both for the care of the patients and in the 
study of the problems n hich they presented 
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“Tho Cocoanut Grove a typical nigU club The building was crowded to capacity 
on the Saturday night after a football game No exact agurca are available, but it appears 
that the number was about 1,000 a* compared with a reported official seating capacity of 
aomething over 600 Gaiety was at ita height, the several bars wore crowded, tablosaround 
the bars were filled to capacity mth every avnilablo square toot of floor space occupied 

The show was about to begin soon after 10 pjn 

■llrs started in the Melody Lounge,* a basoment coelctail louqgo Feeding on the highly 
combustible decorations, artificial cocoanut palms and cloth-covered ceilings and walls, it 
spread with great rapidity The fire spread up the stairs from the Melody Lounge cutting 
oB the only vuible means of out The people on the main floor had no warning of im 
pending tragedy Some of the surviving ivitncsses said the first they knew of tho fire waa 
when a girl with blaring hair ran screaming across the room Others first saw flames 
flashing through the air juat below the ceding There was a mad rush for tho exits The 
mam doorway (the Piedmont Street exit), which was tho only exit that most of those present 
knew, was blocked by a revolving door which qmcltly jammed and some 200 of tho victims 
wore pded up behmd it The flames also flashed through a corridor to the Broadway Cook 
tail Lounge and hero 100 vmtims piled up behind a door swinging the wrong way which 
blocked access to tho outside doorway A door leading to Shawmut Street was partially 
opened by an employee, but other doors wore looked A few people escaped from the 
basement by orawUng out of a small cellar window Some escaped through the small 
windows of the toUet rooms A tew made their way up the stairs to tho second floor dressing 
rooms m the converted tenoment building that formed tho Broadway end of tho club and 


got out through windows onto roofs It will probably never be known just where in the 
building all of the viotims perished and just how many made their exits through windows 
and over the roof So rapid was the travel of the Are and the noxious smoke and gases that 
many apparently ooUaps^ at their tables without even making a move toward the exits 
“The fire department was on band immediately, opened doors, broke m windows and 
rescued as promptly as possible all the viotlioB who were still alive Tho wmdows of the 
buUdlag were completely obscured from the inside except for the glass block windows on 
the Broadway side and the fire department was somewhat delayed in gaming aocesa 
In general, however, the occupants were in complete ignorance of the poesiblo means of 
emergenoy exit With many of tho doors looked, and with such a fast-spreading fire, 
aceompamed by noxious fumes, it Is doubtful whother complete knowledge of the arrange 
ment of the building would have resulted in saving any large number of lives 

“There was a great deal of drinking and this may have befogged some of the victims, 
creating conditions more than usually conducive to pamc We cannot behove, however, 
that the presonco of liquor waa any materml factor in the loss of life 


“ When tho cry of “fire" was raised in the Melody Lounge moat of the occupants 
appear to have rushed for tho atauway which presented the only obvious exit This stair- 
way led to a narrow hallway on tho first floor which m turn emptied Into a foyer passing 
the check room and leading to the mala entrance Had not the door leading to tho street 
from the hallway at tho head of tho stairs from the Melody Lounge been looked, a much more 
direct means of exit would have- been available This looked door undoubtedly -was re 
sponsible for many fatalities Persons escaping from the basement wpro unable to pass 
into the street but wore piled up in tho oomdor and foyer while attempting to reach the 
mam exit A niunbor of persons oven failed to roach the first floor Reaouo workers 
removed a number of bodies and several eUU Uving persons from tho basement Apparently 
a few persons made their escape from the lounge by gomg to tho kitchen secUon Some of 
these guests and employees attempted to escape by moans of stairwaya to the main floor 
but found that escape by that route was impossible because of tho heat of the mam floor 
A few ^rrona escaped through a basement window into a courtyard and a few others aur 
vivcd the fire by seeking refuge in a large rofngorator 


’ A floor plan is shown in figure 1 
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“All accounts agree that the flames flashed into the mam floor a very few moments after 
the outbreak of the fire It is reported that some persons lost their lives before they had an 
opportumty to escape from the tables where they were seated Reports indicate, however 
that some of the persons who attempted to leave at the first indication that a fire was m 
progress in the basement made good their escape Others who delayed even momentarily 
or who started for the checkrooms to obtain their wraps, were caught in the rush for the 
exits when the magnitude of the fire became apparent It was reported by some witnesses 
that the electnc lights failed early, but in the confusion they may not have distinguished 
between failure of the lights and dense smoke obscuring the normally dim illumination 

“Several persons who escaped from the mam dimng room reported that flames appeared 
to roll through the air rather than spread along the surface of the ceiling Flames qmckly 
swept through the passageway mto the new cocktail lounge off Broadway 

“It 18 reported that perhaps 100 of the fatalities occurred behind the Broadway entrance 
more than 190 feet distant from the stairway leading from the basement lounge where the 
fire started In addition to those who succumbed inside the building, a considerable 
number died after removal from the building due to severe burns and lung injuries resulting 
from the effects of heat and fire gases 

"Boston hospitals learned of the disaster about 10 30 p m when their accident admitting 
wards were suddenly faced with stretcher bearers bringmg casualties into the wards and 
when police calls came in requesting ambulances and personnel to come to the fire In this 
way, activation and mobilization of the hospital orgamzations set up under civihan defense 
for handling air raid casualties occurred from two sources and got under way promptly 
Non-resident staff was notified to report through a predetermined and posted fan-out 
schedule All leaves for hospital help were cancelled Upon notification by radio, doctors 
from 30 nailes around Boston and medical students from Great Boston colleges reported 
More than 200 of the Navy’s medical personnel treated survivors and rescuers, both omhan 
and military Medical authorities from all over the nation wired offers of help 

“Victims who escaped quickly either went unaided or were sent by police to hospitals m 
taxis The streets were choked with fire-fighting eqmpment and vehicles trying to get 
victims to the hospitals Many expired en route to hospitals The Mortuary service 
by 1 30 a m had over 400 bodies accounted for m the various morgues throughout the city 
Four hundred and eighty-mne persons lost their lives in the fire on the evemng of 
November 28, 1942 * 

“The Field Casualty Service of the Civilian Defense Emergency Medical Service of the 
City of Boston pivots primarily on eight of the city’s general hospitals (which) have a 
total casualty capacity of 876 Facilities for 181 Cocoanut Grove victims were required 
Observers at the Boston City and Massachusetts General Hospitals, which received 
more than 80 per cent* of the casualties, reported that everyone did his duty efficiently and 
effectiyely 

“ It was estimated that one Cocoanut Grove fire victim reached the Boston (Jity 
Hospital every 11 seconds, which is a faster rate than casualties were taken to any hospital 
during London’s worst air raids The Boston Metropolitan Chapter of the American 
Bed Cross mobdized more than 500 workers within 30 minutes after being routinely alerted 
As the horribly burned victuns crowded hospitals, the Nurses Aides Corps mobilized 
nearly 500 aides to reheve overworked regular hospital staffs and the nursing service mobi- 
lized close to 300 volunteer nurses for the emergency services of the first few days 
more than 100 trained nurses were assigned to duty, at Red Cross expense, to help carry the 
burden of canng for the injured ’’ 

‘ At least 3 others are know n to have died as a result of the fire subsequent to the date of 

^°A?t^lly these 2 hospitals received, on the night of the fire, 94 per cent of this t^al ^ 
living casuSties, 131 being admitted to the Boston City Hospital and 39 to the 
chusftts General Hospital The problem as it confronted the latter hospital has already 

been described (17) 
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admission, plSTBIBimON AND EAHDT CARE OF THE CASES BROUGHT TO THE 
BOSTON crrr hospital 

A few pertinent facts concerning the events as they transpired on the night of 
the fire wiU be mentioned briefly m order to picture roughly the situation which 
confronted the physicians at that tune These facts may help to understand 
and to evaluate the problems to be discussed 

The admittmg floor of the Boston City Hospital, as may be axpeoted of the 
only large pubho hospital m a Metropohtan area, is always a busy place on 
Saturday mghts Its facihties are usually well occupied on such nights m 
carmg tor the few patients who come to receive emergency treatment for mj lines 
and m processmg the sizeable number of patients brought there by ambulance, 
pohce cars, taxicabs and pnvate cars or amvmg on foot for admission to the 
wards Often they are accompamed by a number of relatives, fnends, pohce 
officers, newspaper reporters and others anxious to give or acquire mformation 
and assistance The early evemng of November 28 before the time of the fire 
ivas just another Saturday mght on this floor until about 10 30 pan when 
vehicles of all descnptions began dischargmg the casualties from the Cocoanut 
Grove at an ever moreasmg rate 

The first few patients were handled m the routme mann er and then sent to 
operatmg floors or shook rooms as was customary for such cases It ivas not 
long, hoaever, before the magmtude of the emergency was fully appreciated 
and the examinmg rooms, comdors and waitmg rooms were hterally filled with 
dead and dymg and with a large number of hvmg who had bums of varymg 
extent and seventy By this time, mobilization of the hospital personnel was 
well under way The entire resident staff of doctors, nurses, and attendants 
ivas immediately pressed mto service and members of the visitmg staff began to 
appear m mcreaamg numbers after bemg summoned accordmg to a plan previ- 
ously arranged for use m case of air raid emergencies Many others came of 
their own accord on heanng of the tragedy or m response to calls by the vanous 
agencies already mentioned They were dispatched to the operatmg rooms and 
to the vanous parts of the hospital with the patients to render whatever assistance 
should be required by the regular hospital staff 
Two wards especially equipped to receive disaster victims were soon opened 
and were rapidly filled to overflowmg ivith patients The other casualties were 
sent to any surgical or medical wards where beds were available In less t.tinn 
3 hours the dead had been segregated and dehvered at the mortuary and 131 
casualties had been distributed m 31 wards m 8 different bufldmgs located m all 
parts of the mam hospital With the patients, m each of the wards where more 
than 1 or 2 patients had been sent, there came staff members, nurses and many 
others, most of whom helped m every possible manner to care for and comfort 
the patients To these were often added relatives, fnends and others who 
were at the bedsides or filled the comdors and kept mqmrmg frequently about 
the condition of the patients Many phymcians on findmg the patients ade- 
quately cared for left or ivent to other wards, while others fingered to observe 
and some returned frequently to follow the progress of the cases 
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In general, the only therapy earned out on the admission floor was the routme 
injection of morphine to each of the victims, and administration of plasma was 
begun m the flrst few cases on the operatmg floor For the most part, however, 
the patients received plasma and other therapy on the wards Treatment of 
the surface bums by a number of surgical teams began early m some of the first 
few cases but later the efforts of most of those present were directed to the 
emergency problems of preventmg shock and rehevmg restlessness, pamand 
discomfort, leaving the surface treatment for the earhest opportune tune 

Before the majonty of the patients had heen admitted, some of those who were 
just bemg brought m and others who were already on the various wards began to 
manifest signs of severe respiratory distress Shortly thereafter some of the 
patients showed defimte evidence of obstmction to the air passages which 
required rapid mechanical rehef and deaths began to occur either m spite of 
these efforts or before much could be done Members of the Aural Service 
of the hospital soon appeared on the scene and were constantly present to carry 
out laryngoscopies, tracheal suction and tracheotomies 

A great deal of effort on the part of many of the persons who first saw the 
victims on arrival was expended m vain attempts to keep ahve or resuscitate a 
few who were obviously dymg Most of these soon died m the admittmg room 
and are not mcluded among the hospitalized cases One, a recent mtem at this 
hospital, was picked out from among those considered to be dead when he was 
seen to give one gasp and after vigorous and prolonged artificial respiration and 
stimulation was resuscitated but remamed comatose m spite of mtensive therapy 
until he died 30 hours later 

As nught be expected from what has already been said, much of what trans- 
pired on the admission floor and on the wards during the first few crucial hours 
was not adequately recorded at the time In a number of cases details were 
later obtamed from those who observed the patients On most of the wards 
notes were kept at the bedside of each patient and the therapy presenbed and 
earned out were thus recorded together with bnef notations by doctors and 
nurses on the condition of the patient m many instances At the height of the 
excitement and under the pressure at the tune man y details did not get recorded 
In particular, notes on the physical findmgs in mdividual cases durmg the first 
few hours are scant although most of the patients were exammed by a number of 


observers 

The observations made by the physicians who saw the patients first, that is, by 
those who were on the admitting floors at the time, are of the greatest mterest m 
evaluatmg the later course of the patients m the hospital and they axe also of 
importance m mterpretmg the nature of the respiratory lesions Unfortunately 
most of these observations were not recorded However, a bnef summary of an 
account of some of the events that transpired on the admittmg floor may be of 
mterest These are taken from a report which was obtamed from one of the 
interns who was on duty on the accident floor from the tune when the first 


patient was received ® 

' We are indebted to Dr Crawford Adams, intern on the Fifth (Boston University) 
Medical Service for this accoimt 
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“The first naira of the disaatet wna received when three male paUenU came running into 
the Admitting Floor with hands and face covered with first and second degree hums They 
stated that there was a large fire at theCocoanut Grove and that there were many casual ties 
Immediately the male nurses and orderlies were instructed to clear two rooms of patients 
already on the Admitting Floor to prepare to receive the injured Another nurse was asked 
to prepare morphine and to give 16 mg to eaah of the patients on amval The three 
patients were placed on litters their coats removed and placed over their bodiea and these 
covered blankotB 

''WitiuQ a few minutes both of the rooms were fiUed with now arrivals At this tune all 
admitting rooms were ordered cleared and an. emereency call was issued ior all House 
Officers and resident hospital pewonnel The proper authorities were notified of the 
magmtude of the disaster 

‘The first House Officers to arrive within five minutes were asked to help in the ad- 
mimstmtion ol morphia The drug was prepared m 20 co syringes with tap water so that 
each CO contained gr \ 015 gm) Each patient on the floor was umuediately given 

morphia gr { and marked with an “M * in lipstick on the left anterior chest wall Two 
interns were then stationed at the entrance to the Admitting Floor and as the living pa- 
tients entered they were given morphia gr i subcutaneously and aumlarly marked Two 
others were stationed at the entrance and they pronounced those patients who were dead on 
arrival The dead bodiea were temporarily placed aside and the living patients permitted 
to enter the floor Within, thirty to forty five minutes after the arrival of the first few 
patients the entire AdmitUng Floor and comdors were filled with patients Many of these 
wore dj^ag or dead 

‘ From the climcal standpoint the cause of death appeared to be chiefly aapbysaa 
Moat of the dead bad first and second degree burns of face, bands, upper extremities and in 
many cases of the anterior chest wall, bat the majonty of the living ones had minimal 
burns Many of the burned areas were covered with a great deal of black soot A few of 
the dead had a bright “cherry red" color of their mucous membranes and bps which 
clinically suggests carbon monoxide poisoning The majonty of the dead had edema of the 
face neck and oral structures A few patients who were apparently comfortable at first 
glance soon began to cough up frothy sputum and then erpircd Two or three other pa- 
tients who cllmcally showed respiratory distress, upon physical examination had diffuse 
generaliicd moist rales and rhonchi throughout both lung fields These cases had minimal 
first and second degree burns of face and extremities 

‘ Of the living patients, the majonty were calm and behaved extremely well A few 
complained of their burns and some became hystencal but quieted down after vigorous 
psychotherapy One of the male patients who was about twenty years old, was disoriented 
and appeared intoxicated There were only about ten bving patients with severe general 
lied burns who died on the admitting floor Two of them had almost their entire bodies 
burned and became extremely restless, irrational and delirious Both of them were given 
morphia gr i in addition to the gr J on entrance The seriously burned patients who 
from a clinical viewpoint wore not inehock, were transported directly to the opera ting floors 
for treatment of thoir burns Wthin about an hour and a half after the amval of the first 
patients the comdors and majonty of rooms wore cleared of patients " 


The detaila of the way the patients were handled dunng the first few hours 
obviously vaned considerably from ward to ward A first hand account of the 
events as they transpired on one of the special casualty wards wfil serve to 
picture the situation on the night of the fire A senior member of the Nurses’ 
TnuMg School Staff had been dispatched with 5 pupil nurses to open this 
wi^ for the reception of casualties, and a number of physicians had been 
delected to attend these patients One of the authors (C S D ) who amveri 
on tbo adnutting floor at 11 15 pjn was taken directly by Dr Lund to this 
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ward and left to take general charge of the patients there By that tune 15 
patients had already been received and bedded, and 3 additional patients 
amved by midnight 

One of the nurses was promptly detailed to go from bed to bed and to take and record the 
pulse and respiratory rates and the blood pressure on each patient in rotation Three of 
the nurses were assigned to the special nursing care of the sicker among the patients, each 
bemg asked to care particularly for one of the 3 sickest patients (Cases 100, 102, and 119) 
Many of the details of the nursing care were carried out by the interns and by the other 
physicians present Since there was no plasma and very little in the way of sterile solutions 
for parenteral injections on the ward, the remaimng pupil nurse was dispatched with the 
ward truck to obtain these materials from the solutions room and to gather up some sterile 
supplies from the operating floor 

A qmck inspection of the patients was then made One of the staking features of the 
ward was the strong odor of smoke and the pungent odor of charred flesh which permeated 
the entire ward and was accentuated as one approached the most severely burned victims 
Several with extensive burns were found to be in shock One of these patients (Case 102) 
had severe burns of all exposed surfaces and of the entire back She vas lying on her 
abdomen and on casual inspection was thought to be a dark skinned negress but on closer 
observation she was seen to have charred akin which gave the impression of pigmentation 
Three of the patients showed only slight respiratory difficulty and only minor surface burns 
of the face and nose but they were also found to have burns of the mouth, pharynx, and nose 
One of the latter patients soon developed respiratory distress which increased gradually 
during the next 6 hours One of the victims who had severe and extensive burns involving 
about half of hia body surface had similar but more severe respiratory embarrassment 
The remamder of the patients showed varying degrees of burns and respiratory difficulties 

Morphine was given freely to those with pain from severe bums It was also given at 
first to some of those with severe respiratory distress until one of the patients (Case 63) 
manifested evidence of defimte depression of respiration presumably resulting from an 
overdose of this drug 

Little or no surface treatment of the burns was attempted at first except for the applica- 
tion of saline or dry dressmg wherever this could be done convemently 

The first supply of plasma arrived on this ward shortly after midmght It was given 
first to those severely burned patients who were obviously in shock It soon became 
apparent that even some of the patients with less extensive bums, particularly those mth 
respiratory difficulties were developing a steadily increasing pulse rate, falling blood pres- 
sure or both They were also given injections of plasma in the effort to prevent or combat 
climcal shock It was considered possible that pulmonary edema also would be prevented 
or nummized by this procedure Interestingly enough, no signs of frank pulmonary edema 
were seen in any of these patients Also, no engorged cervical veins were seen to suggest 
any marked increase in venous pressure 

Early in the mormng two Naval medical officers assigned to the Department of Physical 
Chemistry at the Harvard Medical School appeared on the ward with a limited supply of 
human albumm This was given by them or under their direction to selected patients w ho 
were in the most profound shock Both of these officers were very helpful m suggesting 
and carrying out emergency procedures and in following the course of the patients 

Oxygen by the only method available on this ward, namely, by nasal catheter, was begun 
in the early mormng hours It was started first on those with the severest respiratory 
distress and was then given to all who manifested respiratory symptoms however mild 
No defimte benefits from this therapy were noted 

At about Sam two surgical teams appeared on the ward and proceeded to carry out 
surface treatments (4) on all patients, one by one , 

At the tune the patients were first sent to the wards, or at least by the end of 
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the first day, they were each ossigaed to one of the surgical services This was 
done more or less m rotation according to the established custom of the hospital 
A few were assigned to medical services either because they were already on 
their wards and bemg cared for by their staffs or because the patients had httle 
or no surface bums requiring extensive surgical treatment In this manner the 
patients on the special emergency wards were gradually distributed among the 
regular wards by the various services as soon os beds became available and the 
condition of the patients permitted ’’ 

From what ting already been said it is obvious that complete control and 
direction of every phase of the medical problems m all cases was physically 
impossible Many of the important emergencies had to be coped witb imme- 
diately and by any authonied member of the service who was present near the 
bedade at the tune Many senior and junior members of the visitmg medical 
staff and the mtems and residents of the various medical services and a few 
outsiders were on hand on all the wardh both on the mght of the disaster and 
on the followmg day or two and helped m every way possible to cope with these 
emergencies During the first few hours they were engaged mainly m ad- 
mmistration of plasma, fluids and oxygen and m other ways attendmg to the 
comforts of the patients Many of the eariiest notes on the physical findmgs 
and course of some of the patients were recorded by them. 

In order to discharge the medical functions as efficiently as condibons per- 
mitted and at the same time avoid conflicts and duphcations, a defimte procedure 
was soon adopted The present authors os a team visited each patient at least 
once a day and the sickest ones and those of special mterest were seen more 
often, when mdicated and feasible, by one or more members of the team At 
these visits each patient was Koimmed as thoroughly as seemed mdicated and 
notes were made All aspects of therapy and nursmg procedures earned out 
smee the previous visit were reviewed Particular attention was paid to the 
fluid balance and to the details of nursmg procedures particularly as they 
concerned the respiratory compheafaons and chemotherapy At the same tune 
arrangements were made to obtom materials for such laboratory tests as seemed 
mdicated for the conduct of therapy and for the vanous studies that were bemg 
conducted by Dr F H L Taylor and his associates It was during one of the 
earhest of these visits that a specunen of dark colored urme suspected of con- 
taming hemoglobm was seen and this formed the basis of the studies by Dr TTcm 
and Ins associates (10) Recommendations for therapy wore then made to the 


’ Iteiponslbility tor tha conduct and cara of each case wm thus vested m the visiting staff 
of one of the hospital services and exercised with and through its residents and interns 
Specific surreal problems or special cases from all services, however, are at tunes “assigned” 
to designated members of the staff who are then pennitted to direot, carry out or atudy 
MrWn ph^ of their treatment The management of burn cpses had been assigned to 

Dr G O Lund and his associates It was at their request end with the consent of the 

surgeons In charge of the oases that the general snpervtsioii over the management of the 
rapiratory complications and of the chemotherapy In the Coooanut Grove cases was 
delegated to the present authors on tho morning oftor the fire 
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members of the service m charge of the case and they almost unanimously 
cooperated most heartily m carrymg them out and m brmgmg them m harmony 
with those of their own visitmg staff and of other members of the bum team who 
also visited these patients regularly 

CLASSIFICATION OF THE EESPIRATOBT TRACT COMPLICATIONS 

Smce most of what follows concerns the respiratory tract mvolvement, a 
classification of the seventy of this comphcation is desirable chiefly for con- 
vemence m presentation In a general way, all parts of the respiratory tract 
from the nose and mouth down to the alveoh were mvolved m certam cases, and 
even the pulmonary vessels and mterstitial tissues were affected m some m- 
stances A classification based on the extent and degree of the pathological 
changes would, of course, be more desirable, but this obviously is not possible 
except m the fatal cases m which the respiratory damage was necessarily the 
most severe However, the clinical mamfestationa, mcludmg both the symptoms 
and the physical signs, were the most important from the pomt of view of the 
management of the cases These were classified m a general and more or less 
arbitrary manner mto the followmg grades accordmg to the seventy of the 
respiratory tract mvolvement 

Orad« Clinical ilam/ettaiion 

0 No abnormal physical signs or symptoms of respiratory tract damage 

1 Signs or symptoms limited to the upper respiratory passages, mcludmg mild 

laryngitis if not accompamed by stndor, cough or sputum No abnormal 
physical signs in the lungs or only transient rales 

2 Any of above with physical signs suggesting mvolvement of trachea, bronchi, 

or of pulmonary parenchjona persisting for 24 hours or longer (except frank 
signs of consohdation) and accompamed by mild dyspnea ivithout stndor 

3 Any of above with moderate or severe dyspnea, cyanosis, vheezing accompamed 

by transient or intermittent stndor or with frank signs of consolidation 

4 Any of above with signs of extensive pulmonary mvolvement and/or severe 

stndor with evidence of obstruction to airways necessitating tracheotomy 
or resulting in death from asphyxia 

The changes noted m the X-rays of the lungs were graded independently 
For this purpose the extent and degree of the abnormal densities noted m the 
roentgenograms were graded on a scale from 0 to 4 This proved to be a rela- 
tively simple task as compared with the classification based on the clmical data 
The details of the X-ray changes are discussed elsewhere (13) 

RELATION BETWEEN THE SURFACE BURNS AND THE RESPIRATORY DAMAGE 

The impression was gamed, as the patients were bemg observed dunng the 
first few days, that there was httle or no correlation between the extent of the 
respiratory damage or the seventy of the symptoms resulting from this mjury 
on the one hand and the extent and seventy of the surface bums on the other 
This observation was also made by the workers at the Massachusetts General 
Hospital (18) where only 3 of the 39 patients admitted from this fire were wholly 
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free of respiratory syraptoms and each of them had covered his mouth with a 
wet cloth or some article of clothing aoaer analysis of the cases observed at 
the Boeton City Hospital, however, shows a foudy good correlation between the 
extent of the surface bums and the respiratory symptoms As seen from table 1, 
more than three-fourths of the patients who were entirely free from respiratory 
symptoms had either no bums at all or their bums mvolved only 4 per cent or 
less of them body surface The same was true m about one half of the cases m 
which there were only moderate symptoms of respiratory tract mjury (Grades 1 
and 2) and m about one-fourth of those with the severest grades of respiratoiy 
mvolvement Conveisely, about one half of the patients who were entirely 
free from surface bums were also free from respiratory symptoms, about one- 
fourth of those with bums mvolvmg 4 per cent or less of the body surface were 

TABUS 1 


Correlation of iho aevenlji of the reeptralory involvement and the extent of the turf ace hum 



similarly free from damage to the respiratory tract and a much smaller proportion 
of those with more extensive bums completely escaped havmg respiratory 
symptoms On the other hand, the severe grades of respiratory da^ge (Grades 
3 and 4) were found m only one-fourth of the patients m whom bums were 
absent or mvolved 4 per cent or less of the body surface and the percentage of 
cases with such severe grades of respiratory mvolvement increased with the 
extent of the surface bum 

The fatal coses ore of special mterest In every fatal case either the respira- 
tory damage was very severe (Grade 4) or the bums were very extensive and 
mvolved 30 per cent or more of the body surface In most of those with bums 
of less extent the death was attnbutable chiefly, if not solely to the respiratoiy 
comphcation 

Thus It appears that while there were wide discrepancies between the extent of 
the surface bums and the seienty of the respiratory damage in a number of 
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individual cases, there was a closer correlation between these two kinds of 
mjunes in most instances ® 

cnmicAL imTUEEs of the bespieatort tract complications 

For a clearer picture of the respiratory tract comphcations m the patients 
admitted to the Boston City Hospital from the Cocoanut Grove fire, it is best to 
consider the chmcal features of the c^es m groups accordmg to the seventy of 
the symptoms The extent of the surface bums is listed m table 1, most of the 
relevant chmcal details m each group are listed m table 2 and certam features 
of the exposure to smoke and flame m mdividual cases are given m table 6 
The fin di n gs m each group will be summarized bnefly and only a few of the most 
mterestmg details bearing on these findings m mdividual cases will be noted 

Cases without definite respiratory tract involvement 

There were 24 patients who were essentially free of symptoms of respiratory 
comphcations One-third of them was also entirely free of surface bums, 1 
patient had 8 per cent, 3 had 5 per cent and the rest, with one exception, had 
3 per cent or less of them body surface burned The exceptional case, Number 
128, was that of a bartender m the New Cocktail Lounge He saw the dark gray 
fumes rush m through the narrow passageway from the Mam D inin g Room, 
and after inhaling a small amount of this “strong and bitter smoke which hurt 
his nose”, immediately covered his face with the wet bar rag which he was 
then holdmg m his hand As this patient attempted to reach the exit he was 
stampeded and feU to the floor face down His clothes then caught fire and he 
sustamed severe bums of his scalp, neck, extremities and entire back, a total of 
30 per cent of the body surface This patient and one other, Case 74, who 

® It IS of interest to compare these findings with the ones reported in the protocols of the 
cases admitted from this fire to the Massachusetts General Hospital (1) With respectto 
the respiratory involvement it is possible, from those brief protocols, to grade the cases only 
roughly according to the classification set up here Considering the small numbers in- 
volved the distribution of cases according to severity was remarkably similar at the two 
hospitals By the classification used here the Massachusetts General Hospital cases would 
be distributed as follows Grade 0, 4 cases or 10%, Grades 1 and 2, 17 cases or 43%, and 
Grades 3 and 4, 18 cases or 46% These compare with 18%, 40% and 42%, respectively at 
the Boston City Hospital As to burns, the distribution of cases according to the per cent 
of the body surface involved was also -qmte sinular at the two institutions, but with two 
notable exceptions While the proportion of cases with burns involving 10 per cent or more 
of the body surface was qmte comparable (17 cases or 44% at the M G H as compared 
with 60 cases or 38% at the B C H ), the proportion of the severest burns, namely those 
involving 30 per cent or more of the body surface, was greater here (3 cases or 8% at the 
M G H as compared with 22 cases or 17% at the B C H ) Of the patients in the latter 
category only 1 survived at the M G H and 2 at the B C H Furthermore, 19 patients 
were discharged or transferred to other hospitals ahve and m good condition within the first 
18 hours Only one of these 19 patients had burns involving 6 per cent of the body surface, 

12 had burns involving 3 per cent or less and 6 were entirely free of surface burns Only 
6 of these 19 patients had any respiratory symptoms or positive X-ray findings, either 
before leaving the hospital or, as far as could bo ascertained, at the hospitals to which they 
were transferred 
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TABLE 2 

Summary of the eahent chmcal fealuret of the Ttsptralory compUcaitone obierved among the 
mcitme of the Coeoanut Oroce fire 




tcvuiTT or usmATOKT courLauTtoM (counx) 










0 

1 

2 

3 

4 

ToUI 

Number of oaoes 

24 

33 

19 

25 

30 

■■ 

Fatal cases 

1 

1 

3 

mm 

27 

■■ 

Condition on entry and first 




■ 



few hours 

Good 

20 

21 

4 


0 

48 

Fair 

4 

10 

13 

11 

4 

42 

Poor 

0 

2 

2 

11 

26 

41 

Evidence of amoko inhalation 





1 


Slight 

10 

20 

5 

3 

— 

38 

Moderate or considerable 

2 

10 

18 

22 

18 

65 

State of oonsoiQusness 

1 

1 

1 




At fire 







Conscious 

21 

26 

11 

3 

0 

60 

Unconscious | 

At entry 

3 

8 

8 

21 

22 

62 

Conacioua 

24 

81 

17 1 

18 

0 

99 

Unconscious or stuporous j 

■■ 

2 

2 


21 

32 

Shock 

1 


2 

3 

^B 

14 

30 

History of previous respiratory 







disease, Total 

Acute infection within 2 

B 

28 

13 

20 

6 

74 

weeks 

Chronic or recurrent 

0 

7 

2 

2 

3 

14 

infection 

with recent symptoms 

0 

2 

2 

4 

1 1 

9 

ivithout recent symptoms 
No recent respiratory in 


4 

0 

4 

0 

10 

fection 


15 

0 

10 

2 j 

41 

Symptoms 







KosUessness 




23 

26 1 


Vomiting 

Chills 

Hoarseness 

Cough 

Sore throat 

Dyspnea 

Cyanosis 

1 

1 

0 

6 

0 

0 

0 


I 

16 

6 

21 

22 

11 

21 

6 

10 

16 

19 

27 i 
6 

so 

J2 , 
16 

26 

56 

18 

80 

100 

28 

68 

Wheeling 

Stridor 

0 

0 



10 

27 

43 
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TABLE 2 — Concluded 


CLINICAL FEATUIES (SEE ALSO TABLE 1) 


SEVERITY 01 HESPIEAIORY COUPLlCATlON (GRADE) 


0 

1 

2 

3 

4 

Total 

Physical signs 

Nasal burns (internal) 

0 

10 

8 

14 

9 

41 

Pharyngeal burns 

0 

2 

2 

4 

3 

11 

Musical rdles (dififuse) 

0 

10 

11 

19 

27 

67 

Crepitant rdles (mostly at 
bases) 

0 

23 

17 

23 

28 

91 

Dimimshed breath sounds 

0 

3 

6 

14 

4 

22 

Consolidation 

0 

0 

0 

5 

2 

7 

Number of cases with roent- 
genograms 

161 

26* 

26* 

115 

85 

871' 

Pulmonary changes by X- 
ray 

Grade 0 

81 

2 

0 

0 

0 

101 

1 

8 

141 

6 

0 

0 

281 

2 

0 

81 

8 

11 

0 

17> 

3 

0 

2 

10 

71 

11 

201 

4 

0 

0 

2* 

3> 

71 

12« 

Sputum 

Mucoid and scant 

0 

12 

11 

13 

15 

1 

51 

Black with soot 

0 

10 

6 

8 

8 

31 

Blood-streaked or bloody 

0 

4 

3 

11 

6 

24 

Purulent 

0 

2 

4 

5 

2 

13 

1 

Hemoglobinuria 

0 

3 

0 

6 

6 

14 

Fever (100 °F or higher) during 
first 4 days 

Present on first day 

4 

10 

12 

16 

20 

61 

Appeared after first day 

3 

14 

4 

6 

2 

29 

Maximum temperatures 

100 or 101 °F 

5 

14 

6 

6 

6 

37 

102 or 103 

2 

9 

10 

11 

8 

40 

104 or 105 

0 

1 

0 

1 

4 

6 

106 or higher 

0 

0 

0 

3 

4 

7 

Vital capacity during hospital 
stay 

Day 12 

Number tested 

4 

12 

10 

16 

1 

42 

Number with low values 

0 

7 

4 

11 

0 

22 

Day 23 

Number tested 

1 

3 

3 

7 

0 

14 

6 

Number with low values 

0 

1 

1 

4 

0 


Superscripts denote numbers of fatal cases included 
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eufltamed bums of the nght band and forearm, were the only ones m this group 
m whom bums of any part of the body surface were present without the face 
bemg mvolved ° 

Three patients m this group, two of whom had no surface bums, sustamed 
mjunes m their attempt to escape from the buildmg Two of them had cou- 
tusions, one of the chest and the other of the forehead and other parts of the 
body, where they were trampled and kicked about, and the third sustamed a 
fracture of the tibia when he tapped over a fire hose 

All of the patients m this group either succeeded m escapmg from the buildmg 
under their own power or were among the first to be extracted There were 
12 among them, however, who recalled havmg seen smoke and inhaled some of it 
Two of tteso patients. Cases 31 and 85, lost consciousness for a bnef penod after 
mhahng what they considered to be a large amount of smoke Case 86, was a 
fireman who had "collapsed” m a similar manner on several previous occasions 
while fi^tmg fires On each of these occasions he was admitted to this hospital 
where, as on the present entry, he recovered rapidly without sufifenng any 
serious respiratory comphoationa Only one other patient m this group. Case 66, 
lost consciousness for a bnef penod m the bummg buildmg This patient’s 
husband was close at hand at the time and he pushed her out through the door 
“just as she swooned ” Each of these 3 patients regained consciousness either 
while they were still m the building or as soon as they reached the outside 

All the 24 patients m this group were conscious on amval at the hospital and 
renmned so The bartender was the only one among them who manifested 
evidence of mild shook on amval and he recovered rapidly after flmd and plasma 
therapy was instituted This patient and 2 others were the only ones m this 
group who were restless durmg the first day and required extra sedation for 
rehef 

Only 6 of the 24 patients had any cou^ In each instance this was mild and 
was present for only a few hours Interestmgly enough, the 3 patients who had 
lost consciousness are all mduded among these 6 cases Positive physical 
signs m the lungs are recorded m only one of these patients In this case a few 
scattered musical and crepitant rdles were heard durmg the admission examina- 
tion but these were no longer heard when the patient was exammed pgnin the 
next monung 

X-rays of the lungs were done m 10 of the patients m this group and these were 
entuely normal except for mmor changes m Case 69 and Case 31 The latter 
was one of the 3 who had lost consciousness m the buildmg, mhaled qmte a bit of 
smoke and had a sh^t cough which lasted about a day 

A history concermng previous respiratory mfeotiona was obtomed m 7 of the 
24 cases None of these 7 had any recent or chrome respuatoty illnesses and 


• At tho MaBsaohusetUi General Hospital only 3 patienU wore reported as enUroly free 
of raplmtory mvolvement cUnieaUy and by X ray They had each sustained burns 
Involving 1 2 and 11 per cent of tho body surface, respectively, and tho face was included 
among tho barned arcaa in each inatance 
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only 2 had had some senous illness m the past, — pneumoma 2 years previously 
m one and pleurisy 7 years before m the second 
Fever, with a rectal temperature of 100°F or higher was present on admission 
or developed durmg the first 2 days m 7 of these patients, only one of whom was 
free of surface bums In 2 patients, Cases 59 and 68, the temperature reached 
103° and m 3 others 101° by the end of the first day 
Fourteen patients m this group were transferred to other hospitals on their own 
request or were removed by medical officers of the Army and Navy to nearby 
mihtary hospitals ivithm the first 18 hours Reports from these hospitals 
mdicated that none of them developed any signs or symptoms of respiratory 
tract mvolvement after leavmg here The remaining patients stayed for 
varymg penods up to 3| months dependmg on the progress of their bums or 
other mjunes The bartender died m the twelfth week and no evidence of 
recent mjury to his respiratory tract was made out at necropsy 


Cases vnth mild symptoms limited essentially to the upper respiratory passages 


In this group are mcluded the 33 cases classified as Grade 1 m seventy The 
symptoms m these cases were relatively mild and were referable mainly to the 
upper respiratory tract, although m a few of them there probably was a certain 
amount of low grade pulmonary mvolvement Five were entirely free of 
surface bums, 23 had bums mvolvmg 11% or less and the remaining 5 had 
bums of 20% or more of the body surface The face was mvolved m every one 
of the cases m which there were any bums at all and m one of those without any 
bums of the skm the hair was smged and edema and redness of the pharynx and 
nasal mucous membrane was noted at the tune of admission 

Case 38 survived after prolonged and heroic treatment m spite of hemo- 
globmuna and bums mvolvmg 55% of the body surface (3) 

Another patient, Case 127, with a 60% bum died after 9 days She too, had 
hemoglobmuna early, but then developed azotemia and sepsis of the severely 
necrotic wounds She presented no chmcal evidence of severe pulmonary 
damage or infection until the last 2 days when there were signs of mcreasmg 
pulmonary congestion Smce the condition of the patient was detenoratmg, 
this was considered to be a terminal event Autopsy, however, showed the 
entue respiratory tract from the larynx doivn to be mvolved m a necrotizmg, 
inflammatory process, and there was a hemorrhagic bronchopneumoma similar 
m character but somewhat less marked than that found m other patients who 
were considered clmically to have the severest grades of respiratory damage 
A history of inhalation of vanous quantities of smoke and fumes or external 
physical evidence of such inhalation was obtamed m almost every case m this 
group and 10 of the patients considered that they had inhaled large quantities 
Tb,ere was no correlation between the extent and seventy of the surface bum 
and the amount of smoke inhaled as mterpreted from the history and physical 


findmgs 

Eight patients, accordmg to their own story, lost consciousness while stiU m 
the bummg buildmg However, only one was still unconscious and another was 
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stuporous on arrival and both bocamo alert agam after they had been m the 
hospital only a few minutes The other 6 were mentally clear, responded 
normally when they -were first seen m the hospital and, m general, remembered 
having regained consciousness as soon ns they got out of the buildmg or while 
they were being rescued One of the latter vras a fireman who, m spite of the 
fact that he was wearmg an “all-service mask”, apparently "fainted” after 
mhahng some smoke but came to rapidly as he was bemg removed by his col- 
leagues Like the fireman mentioned m the previous group this patient had had 
Riinilar axpenences before and had been treated for them at this hospital, re- 
covermg each time without senous respiratory comphcabona 
Four patients among those who had lost consciousness at the fire were also 
among the ones who remembered previously inhalmg rather large amounts of 
smoke Two others, however, had considerable amounts of black soot encrusted 
in their nasal mucous membrane at the tune of admission mdicating that they, 
too, had probably inhaled considerable amounts of smoke 
Only one patient m this group. Case 127, was defimtely in shock on arrival 
and remamed so oS and on durmg the first 36 hours of treatment m the hospital 
This was the only fatal case m the present group One other patient who bad 
not lost consciousness at any tune but had extenare (25%) bums was noted as 
bemg cold and nervous and havmg a rapid thready pulse when first admitted, 
but her condition unproved after she was given fluids and plasma 
The general condition of the patients in this gronp on amvs) and dunng the 
first day or two was considered good m 21 cases, far in 10 and was poor only in 
the 2 patients with the moat extensive bums The condition of 7 of those latid 


08 fair on admission improved markedly in the first day while the other 3 and xhe 
2 whose condition was rated as poor remained acutely ill for many days. X] 
7 of the former had bums mvolvmg only from 5 to 11 per cent while the latrs' 
6 had bums of 20 per cent or more of the body area* 

Restlessness was a feature at the time of adniiBSioa or shortly thereursr j::n 
only 9 cases and was associated with extensile bums m only 1 
restlessness yielded readily to sedation in 3 instance but lasted lor 2 icsd! Zs-:^ 
m 3 coses In 2 others it was definitely sscribed to pnn m the n — 

Sm ^tients expenenced shaking dulls or duBy sensations on smvii vc 
the first few hours These dulls asybaiv been mistaken icir rei yr 

may have acMuntedfortheiatter^ptominsfflnecas&smcetieTvis 

m poses ^ 1 patient the chills were ohsened only ™ 

pient3“mr^ contained m i 
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symptoms It was the only symptom m 9 cases and was accompanied by 
hoarseness m 12, by sore throat m 2 and by both hoarseness and sore throat m 
4 cases In 1 patient there was wheezmg and a sore throat without cough 
In 4 patients the cough was accompanied by pam or soreness m the chest, usually 
under the sternum Six patients experienced dyspnea on admission This was 
mild and lasted only a few hours m each instance In one of these cases the 
dyspnea was accompamed by shght cyanosis which likewise cleared rapidly 
Bums of the mucous membrane of the nose with redness, sweUmg and moderate 
amounts of soot were noted on entiy m 8 patients In only one instance was 
this severe and accompamed by epistaxis later when the patient attempted to 
clear his nose of the crusted exudate The throat was red and looked raw m 
6 cases but no severe bums were noted 
Abnormal physical signs m the lun^ were not ehcited throughout the hospital 
stay m only 8 of the cases m this group In 7 cases the lungs were noted as bemg 
clear on the admission examination but a few crepitant rMes were heard the next 
day These rdles were not heard on later examination m 4 of these cases while 
m the others they persisted for several days In 7 additional cases rMes (crepi- 
tant riles alone m 4 and both crepitant and musical riles m 3) were heard only 
durmg the admission examination and not at any later time In the 11 remam- 
mg cases riles were heard on admission and for varymg penods up to 10 days 
In 4 cases these were chiefly flne or medium crepitant riles, m 2 they were high 
and low pitched musical riles and m 4 both types were heard Coarse rhonchi 
were heard only m 1 of the latter cases The crepitant riles were usually heard 
only m the base of one or both lungs posteriorly, but the musical riles were 
heard over all parts of the lungs 

There was no cyanosis, and dyspnea of a mild sort occurred only bnefly m a 
few cases No dullness nor abnormal breath sounds suggestmg consohdation 
were noted m these cases D iminish ed breath soimds, possibly mdicatmg 
transient partial atelectasis, were made out m the base of the lungs m 3 cases on 
the third day or later Except m Case 127, this cleared up rapidly 
Sixteen of the patients raised various amounts of sputum For the most part 
ibis was thick and mucoid m character In 8 instances large amounts of carbon 
were contamed m the sputum for several days and m 5 cases the sputum was 
blood-streaked after the first day or two In only one case did it become 
purulent and m Case 127 shreds of fibrm were seen on one occasion 

Fever (rectal temperature of 100°F or higher) was present m most of the cases 
on admission or durmg the first day or two Only 9 cases were entirely free of 
fever, 4 of them had no surface bums and the other 5 had bums mvolvmg 3 per 
cent or less of the body surface Temperatures of 100 or 101°F were recorded m 
14 cases In 11 of them the fever subsided withm 1 or 2 days and in each of 
these the bums mvolved 5 per cent or less while m the other 3 cases the bums 
were more extensive and the fever persisted for longer penods In each of the 
10 remaimng cases the maximum temperature reached durmg the first 2 days 
ranged from 102 to 105° This fever abated by the end of the second day m 
4 of these patients m each of whom the surface bums were not extensive In 
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general, therefore, the early occurrence and peraatence of fever m this group was 
dependent chiefly if not entirely on the extent, and probably on the character 
of the surface hums 

Seven patients had or were convalescent from actue respiratory infections at 
the tune of the fire These infections mcluded common colds, gnppe, laryngitis, 
bronchitis, and m 1 case, a suppurativa streptococcal otitis media Two other 
patients had chrome respiratory disease,— bronchitis m one and laryngitis m 
the other In none of these cases nor m 4 additional patients m whom there 
was a previous history of pneumonia or sinusitis did the previous illness seem to 
have any atnkmg effect on the course of the respiratory mjury sustamed at the 
Cocoanut Grove fire 

X-rays of the chest were made on I or more occasions m 28 of the cases The 
lun^ were considered normal m 9 cases, they showed only mmor changes (Grade 
1) consistmg chiefly of shght mcreasea m the hilar shadows and m the bronchial 
markmga ml2 cases and somewhat more defimte abnormahties (Grade 2) m 
7 instances 

All but 1 of the patients m this group whose skin bums mvolved less than 5 
per cent of the body surface were discharged from the hospital essentially well by 
the end of the second week Those with more extensive bums were kept m the 
hospital for varymg penods as mdicated by the extent and seventy of the bums 
One patient, Case 1^, died on the nmth day and has already been mentioned 
in other connections In no instance were the respiratory symptoms m the 
present cases sufficient by themselves to keep the patient m the hospital beyond 
the first few days 

The symptoms and signs m this group of cases were mterpreted at the time as 
representmg acute laryngo-tracheo-bronchitis and bronchiohtis, all compara- 
tively mild but nevertheless associated with shght pulmonary congestion The 
X ray findmgs were consistent with this mterpretation 

Cases wth respiratory symptoms of Grade 3 seventy 

There were 19 cases m iihich the symptoms and signs suggested moderate 
damage to the respiratory passages with or without mild mvolvement of the 
parenchyma of the lung All had some surface bums, but these were not 
extensive m most of them In 13 cases they mvolved 6 per cent or less, m 1 each 
they were of 10, 13 and 28 per cent, respectively and m the remammg 3 they 
mvolved 30 per cent or more of the body surface The last 3 patients died and 
the others recovered 

The face was mcluded m the burned area m every instance except m one 
patient m whom only the nght hand was burned This patient and the two 
already mentioned among those essentially free of respiratory damage were the 
only ones admitted to this hospital with bums of any part of the body surface 
m whom the face was spared In 8 cases there were mild burns of the nose as 
evictoced by smged nbnssae, edema of the mucous membranes which were 
cakM mth soot In some instances there was epistaxis or occlusion of the nares 
mth crusted red exudate The tonsillar pillars and soft palate were red and 
slightly swollen m 2 cases 
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symptoms It was the only symptom m 9 cases and was accompamed by 
hoarseness m 12, by“ sore throat m 2 and by both hoarseness and sore throat m 
4 cases In 1 patient there was wheezmg and a sore throat without cough 
In 4 patients the cough was accompamed by pam or soreness m the chest, usually 
under the sternum Six patients experienced dyspnea on admission This was 
mild and lasted only a few hours m each instance In one of these cases the 
dyspnea was accompamed by shght cyanosis which hkewise cleared rapidly 
Bums of the mucous membrane of the nose with redness, sweUmg and moderate 
amounts of soot were noted on entry m 8 patients In only one instance was 
this severe and accompamed by epistaxis later when the patient attempted to 
clear his nose of the crusted exudate The throat was red and looked raw m 
6 cases but no severe bums were noted 
Abnormal physical signs m the lungs were not ehcited throughout the hospital 
stay m only 8 of the cases m this group In 7 cases the lungs were noted as bemg 
clear on the admission examination but a few crepitant r41es were heard the next 
day These rMes were not heard on later exammation m 4 of these cases while 
m the others they persisted for several days In 7 additional cases rMes (crepi- 
tant rdles alone m 4 and both crepitant and musical rMes m 3) were heard only 
dunng the admission exammation and not at any later tune In the 11 remain- 
mg eases riles were heard on admission and for varymg penods up to 10 days 
In 4 cases these were chiefly fine or medium crepitant riles, m 2 they were high 
and low pitched musical riles and m 4 both types were heard Coarse rhonchi 
were heard only m 1 of the latter cases The crepitant riles were usually heard 
only m the base of one or both lungs postenorly, but the musical riles were 
^ heard over all parts of the lungs 

There was no cyanosis, and dyspnea of a mild sort occurred only bnefly m a 
few cases No dullness nor abnormal breath sounds suggestmg consohdation 
were noted m these cases Diminished breath sounds, possibly mdicatmg 
transient partial atelectasis, were made out m the base of the lungs m 3 cases on 
the third day or later Except m Case 127, this cleared up rapidly 

Sixteen of the patients raised various amounts of sputum For the most part 
this was thick and mucoid m character In 8 instances large amounts of carbon 
were contamed m the sputum for several days and m 5 cases the sputum was 
blood-streaked after the first day or two In only one case did it become 
purulent and m Case 127 shreds of fibnn were seen on one occasion 
Fever (rectal temperature of 100°F or higher) was present m most of the cases 
on admission or dunng the first day or two Only 9 cases were entuely free of 
fever, 4 of them had no surface bums and the other 5 had bums mvolvmg 3 per 
cent or less of the body surface Temperatures of 100 or 101 °F were recorded m 
14 cases In 11 of them the fever subsided withm 1 or 2 days and in each of 
these the bums mvolved 5 per cent or less while m the other 3 cases the bums 
were more extensive and the fever persisted for longer penods In each of the 
10 remauung cases the maximum temperature reached dunng the first 2 days 
ranged from 102 to 105° This fever abated by the end of the second day m 
4 of these patients m each of whom the surface bums were not extensive In 
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general therefore, the early occurrence and persistence of fever m this group was 
dependent chiefly if not entirely on the extent, and probably on the character 
of the surface butna 

Seven patients had or were convalescent from actue respmitory infections at 
the tune of the fire These mfections mcluded common colds, gnppe, laryngitia, 
bronchitis, and m 1 case, a suppurative streptococcal oUtis media Two other 
patients had chrome respiratory disease,— bronchitis m one and laryngitis m 
the other In none of these cases nor m 4 additional patients m whom there 
was a previous history of pneumonia or amusitis did the previous illness seem to 
have any stnlong effect on the course of the respuatoiy mjury sustamed at the 
Cocoanut Grove fire 

X-rays of the cheat were made on 1 or more occasions m 28 of the cases The 
lungs were considered normal m 9 cases, they showed only mmor changes (Grade 
1) consistmg chiefly of shght mcreases m the hilar shadoivs and m the bronchial 
markings ml2 cases and somewhat more definite abnormahtiea (Grade 2) m 
7 instances 

All but 1 of the patients m this group whose skin burns mvolved leas than 6 
per cent of the body surface were discharged from the hospital essentially well by 
the end of the second week Those with more extensive burns were kept m the 
hospital for varymg periods as mdicated by the extent and seventy of the burns 
One patient. Case 127, died on the nmth day and has already been mentioned 
m other conneebons In no instance were the respuatory symptoms m the 
present cases suflScient by themselves to keep the pabent m the hospital beyond 
the first few days 

The symptoms and signs m this group of cases were mterpreted at the time as 
representing acute laryngo-tracheo-bronchibs and bronchiohbs, all compara- 
bvely mild but nevertheless associated with sh^t pulmonary congestion The 
X ray findmgs were consistent with this mterpretabon 

Cases with respiratory symptoms of Grade 8 seventy 

There were 19 cases m which the symptoms and signs suggested moderate 
damage to the respiratory passages with or without nuld mvolvement of the 
parenchyma of the lung All had some surface burns, but these were not 
extensive m most of them In 13 cases they mvolved 6 per cent or less, m 1 each 
they were of 10, 13 and 28 per cent, respeebvely and m the remaimng 3 they 
mvolved 30 per cent or more of the body surface The last 3 patients died and 
the othere recovered 

The face was mcluded m the burned area m every mstance except m one 
pabent m whom only the nght hand was burned This pabent and the two 
already menboned among those essentially free of respuatoiy damage were the 
only ones admitted to this hospital with burns of any part of the body surface 
. m whom the face was spared. In 8 cases there were mild burns of the nose as 
evidenced by smged vibnssae, edema of the mucous membranes which were 
caked with soot In some mstances there was epistaxis or occlusion of the nares 
inth crusted rod exudate The tonsillar pillars and soft palate were red and 
shghtly sivollen m 2 cases 
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All of the patients in this group either remembered mhahng some smoke and 
fumes or gave physical evidence of havmg done so when they first arrived m the 
hospital In 13 of the cases there was reason to beheve that the patient had 
inhaled at least moderate if not large amounts 

Eight of the patients lost consciousness while still m the buildmg and ail 
but one of them probably inhaled fairly large amounts of smoke Four of these 
patients remembered havmg attempted to escape and succeeded m reachmg one 
of the exits before they lost consciousness These four regained consciousness 
soon after they got out of the buildmg and a'fifth was revived as she was bemg 
dragged out by another patron By the time that these 8 patients were admitted 
to the hospital only one, Case 117, was stdl unconscious and another. Case 110, 
was quite disoriented while the rest were all conscious and rational 

Cases 110 and 117 and one of the others who had lost consciousness briefly 
manifested evidences of shock either on amvmg at the hospital or veiy shortly 
thereafter Two of these 3 patients responded readily to plasma and flmd therapy 
and all the signs of shock cleared withm a few hours , the third. Case 117, remamed 
m shock until he died less than 4 hours after reachmg the hospital Bhs were the 
most extensive bums of this group of cases and mvolved an estimated 40 per cent 
of his body surface The general condition of the patients m this group on 
arrival and for the first few hours was considered to be good m 4 cases, fair m 13 
and poor only m 2 of the cases that ended fatally 

Restlessness was an early feature m 10 cases, moludmg Case 110, one other 
patient who was m mild shock on amval and 2 additional patients who had a 
brief penod of unconsciousness at the fire In Case 110 delmum and penods of 
disorientation recurred off and on for several days The surface burns were 
extensive m only 3 of these 10 cases, nevertheless much of the restlessness 
apparently resulted from pam and discomfort m the burned areas and persisted 
for periods of 1 to 5 days In four of the patients, mcludmg Case 110, however, 
it IS possible that tremors or mild convulsive attacks may have been mterpreted 
as nhilk Vomitmg occurred on admission m 9 patients and persisted for 
several hours m some and up to 2 days m others The vomitus at first contamed 
a good deal of black carbonaceous matenal mixed with mucus 

The most frequent symptoms referable directly to the respuatory tract were 
cough and hoarseness which were both present m 16 of the cases One or the 
other of these 2 symptoms was present alone m the rem a inmg 3 cases Mod- 
erately severe sore throat accompamed the cough and hoarseness m 5 of the cases 
Pam m the chest on coughmg was noted m only 1 mstance The cough was 
mild m most of the patients and often was paroxysmal with long free mtervals 
The hoarseness, on the other hand, was more marked and was considered severe 
m 10 cases The cough usually persisted for only 2 to 5 days and up to 8 days m 
1 case, while most of the patients contmued to be hoarse for from 1 to 2 weeks 
Only 1 of the patients is recorded as havmg moderately severe dysphagia 
Dyspnea, usually mild and of short duration, was uxpenenced by 10 of the 
patients m this group In 2 cases it lasted for the first 2 days only but was 
accompamed by mtemuttent penods of somewhat labored respirations duimg 
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the first 18 hours In 3 patients sUght dyspnea first appeared on the third or 
fourth day and one of them also had bnef spells of shghtly labored respiration 
after that time Cyanosis aocompamed the dyspnea m only 1 case and was 
bnef arid mild m that case Except for the hoarseness and cough, the respiratory 
symptoms improved rapidly m moat of the cases 

In the lungs the signs were similar to those found m the cases of the precedmg 
group but they were found more frequently and persisted longer Only m 1 case 
of this group, Niunber 109, were no abnormal physical signs made out In 7 
cases m which the lungs were evarruned at the time of entry and noted ns bemg 
clear at that time nllea appeared on the foUowmg day In 3 of these 7 cases, 
sonorous and sibilant rdles appeared first and on later a’caminations fine and 
medium crepitant rdles were made out at the base of one or both lungs pos- 
teriorly In the other 4 only crepitant rAles were heard but only the m u sica l 
rdles were noted m the admission examination of 3 of these cases In 3 of the 
remaimng 4 cases only a few crepitant riles were heard at any time In the 
last case, the patient who died shortly after entry (Case 117), only inspiratory 
wheezes were heard throughout both lung fields, but no evidence of obstruction 
or any signs suggestive of puhnonary edema were made out up to the time of 
death The riles m the present group were heard for only 1 to 6 days m 4 cases 
but m the rest these signs persisted for 7 to 12 days 

Signs of consoUdntion were not made out m any of these cases at any time In 
4 cases, however, diminished breath sounds were made out on one or more 
occasions m the dependent portions of the back on one or both sides This 
usually occurred only after the first few days and suggested partial atelectasis of 
these parts of the lungs 

Small amounts of mucoid sputum were raised by 11 of the patients In meet 
cases this contomed much soot especially on the first day, and m 3 instances 
there were small amounts of blood later In 3 other patients the sputum became 
purulent 

Some changes m the X-ray were noted m all but one of the 16 cases m whom 
roentgenograms were done In 7 of them the changes were mmor and mvolved 
chiefly the hilar shadows and bronchial morkmgs, m 7 others mmor changes m 
the lung were also noted, but only 1, Case 110, bad moderately extensive changes 
and these cleared rapidly 

Fever was present on admission or developed inthm the first 2 days m 10 of 
the cases m this group The maximum temperature reached a level above 103°F 
m 1 case, 102° m 0 cases, 101° m 3 cases and 100° or shghtly higher m the remam- 
mg 3 cases This fever abated ivitiun 1 or 2 days m all but 3 of these cases and 
m them it porasted for several additional days In these 3 cases the bums 
involved 10, 28 and 30 per cent of the bodj surface, respectively 

A history of recent or chrome upper respiratory tract infection was obtained 
from 5 patients m this group In 3 of them the symptoms were those of a com- 
mon cold and m the other 2 there was recurrent laryngitis Neither the febrile 
course, the symptoms, nor tho physical signs m these cases differed materially 
from those of the other patients in this group 
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Three patients of the present group were transferred to other hospitals withm 
36 hours The hospital stay of the other recovered cases, exclusive of return 
admissions for plastic operations, varied from 11 to 155 days and averaged 
45 days In general, the longest penods of hospitahzation were m the patients 
with the most extensive surface bums and the shortest m those with only minor 
bums (see table 5) 

The 3 patients m this group who had bums of 30 per cent or more of their body 
all died,— the first m 4 hours, the second on the twenty-eighth day and the third 
early m the sixth month No autopsy was done m the first case. No 117, but 
the death was probably related to the shock which failed to respond to therapy 
There was no clmical evidence of respiratory embarrassment or of pulmonary 
edema m this case In Case 110, the death occurred at another hospital 6 days 
after the patient was taken there for skm graftmg Although this patient had 
moderate symptoms and X-ray changes m the lungs durmg the first few days, 
he was free of respiratoiy symptoms and his lungs were clear to physical and 
X-ray examination at the time of transfer and for several days previously 
Soon after amvmg at the other hospital he developed an acute febnie episode 
associated with some respiratory distress Autopsy m this case revealed an 
extensive and diflmse necrotizmg process mvolvmg the trachea, bronchi and lungs 
with numerous small staphylococcus abscesses m the lung tissue In the thud 
case. No 109, the lungs were essentially normal at necropsy and death resulted 
from inamtion plus mfectiou of the granulatmg surfaces 

The signs and symptoms m this group of cases were mterpreted as evidence of 
" laryngo-tracheo-bronchitis with congestion and occasionally, with transient 
partial atelectasis of the lungs m the dependent portions The X-ray findmgs 
were consistent with this mterpretation 

Cases vnth respiratory symptoms of Grade 3 seventy 

There were 25 cases with symptoms of severe respuatory damage but without 
evidence of marked and prolonged obstmction or of extensive pneumoma 
Only 1 of them, Case 47, was free of surface bums but her nasal and pharyngeal 
mucous membranes were red and swollen and the laryngoscopist found that her 
vocal cords were signed In the majority, the bums were rather hmited m 
extent — ^they mvolved 7% or less m 15 cases, from 14 to 25% m 3 and from 
30 to 65% of the body surface m the remaining 7 which were the only fatal 
cases m this group The face was mcluded among the burned areas m every 
instance 

Most of those from whom adequate histones were obtamed recalled havmg 
inhaled much of the untatmg smoke and fumes and the others probably also 
had qmte a dose of it judgmg from the fin d in gs they presented on arnval 
Indeed there was a strong odor of smoke on the breath of some of these patients 
which persisted and permeated the au of some of the wards for several days 

Unhke the previous groups m which loss of consciousness was the exception, 
aU but 3 of the patients m the present group lost consciousness m the bummg 
bufidmg after mhahng some of the smoke and fumes Some details of what 
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happened nt the fire were given only by Case 16 She apparently had a pro- 
longed exposure within the building before she was helped out by a fireman and 
was somewhat confused for more than a day m the hospital Others could 
recall havmg t n^pn only 2 or 3 breaths of the black, heavy and umtatmg smoke 
and remembered nothmg thereafter until they found themselves either outside 
of the buildmg, on their way to the hospital or on the admission floor Only 
6 of those who lost consciousness at the fire, mcludmg 4 who later died, were 
unconscious, stuporous or disoriented at the tune when they amved m the 
hospital or for bnef penods thereafter One additional fatal case lost conscious- 
ness soon after entry Moat of the others had regamed consoiousness either as 
soon as they reached the outdoors or while on then- way to the hospital 
The general condition of the pabenta during the first few hours was conadeted 
to be poor m 11 cases, mcludmg fl of the fatal cases, the patient without bums 
of the and the one who recovered and had the most extensive surface bums 
In 11 others mcludmg the remaining fatal one, the condition at that time was 
fan, and m the remaimng 3 it was good Evidences of shock were found on 
admission m all of the fatal cases and m 3 who recovered The latter all had lost 
consciousness at the fire but the bums were extensive (26%) m only one of them 
In the other 2, only 4 and 6%, respectively, of the total skm areas was burned 
All the patients m this group except 3 who recovered were restless on amval or 
became so durmg the foUowmg mormng or afternoon In a few, the restlessness 
was related to pam from the bums, but m others it was associated with spells of 
chokmg and labored respirations and presumably was a manifestation of anoxia 
In stall others it may have been of cerebral ongm smce it occurred m patients 
who were unconscious or disoriented durmg the first few hours m the hospital 
and was associated with muscular twitchmgs m 1 and with a convulsive seizure 
m another The restlessness m most cases was not marked and lasted only a 
few hours, but m some it persisted up to 2 or 3 da 3 is 

Six of the patients had shakmg chills durmg the first few hours after their 
amval m the hospital Most of these chills occurred durmg or shortly after 
mtravenous mjectaons of plasma or other fluids and probably resulted from 
mjected pyrogens Vomitmg occurred m 14 of the cases, mostly at the time of 
admission, but m a few it contanued for several hours and m one for 80 \ cral days 
The vomitus m many of the cases contamed soot and other dark brown material 
mcludmg some changed blood 

Hoarseness and cough were present m every one of the patients except those 
who were essentially comatose Sore throat accompamed tho hoarseness and 
cough m 11 of the patients and most of the latter also bad dj sphagia One had a 
chokmg spell each tamo ho attempted to si\ allon —oven fluids These symptoms 
IV ere usually mamfested at the tame of a dmissi on but mercased rapidlj in se\ enty 

durmg the first few hours The cough usually subsrded m from 3 dajs to a week 

The hoarseness persisted throughout the penod of hospitahzataon m those who 
left before the end of tho third week and for about 4 weeks m a few of the oUicrs 

jVII but 2 of tho patients were dyspneic on admission or became so in the first 
few hours Tho dyspnea mereased m seventy dunng the first daj but either 
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subsided entirely or improved considerably durmg the next 2 or 3 days A 
number of the patients also had shght to moderate cyanosis. A few had episodes 
durmg the first two days when they gasped for breath In 11 patients there was 
defimte wheezmg or asthmatic type of breathmg associated with the labored 
respirations and persistmg for 3 to 10 days 

Defimte stridor and labored respirations necessitatmg the use of accessory 
muscles were noted m 15 cases mcludmg 6 of those who had the wheezmg or 
asthmatic type of breathmg and also 3 of the fatal cases The stndor was noted 
on admission m some cases, but it usually first became manifest some time later, 
even up to the third day It was recurrent m most instances but was peisistent 
m others and lasted from a few hours up to 2 days In the 3 fatal eases it 
persisted to the time of death Some of the patients had periods when they felt 
as though they were bemg choked and they h^ to sit upnght m order to breathe. 
One of those with the most severe stndor and chokmg spells (Case 63) was 
almost immediately and completely reheved durmg the second day after he 
coughed up a large tracheal cast consistmg of a dense fibrmous pseudomembrane 
about 9 cm long, 2 cm wide and about 1 mm thick Others were partially or 
temporarily reheved after raising smaller shreds of fibrmous or thick mucoid 
material or after similar material was removed by suction 
Durmg the first day or two the sputum was scant, thick and mucoid It 
contained varymg amounts of soot and had an odor of smoke In some instances 
it later became mucopurulent, more copious and less viscid In 13 of the cases 
it was streaked with fresh blood or contained changed blood constantly or 
mtermittently for several days Smears of the sputum m most instances 
showed ciliated columnar cells and sheets of large squamous epithehal cells 
presumably from the tracheal and pharyngeal mucosa In a few cases shreds of 
fibrm or pieces of thm membranous material were seen either m the sputum or m 
the bloody mucoid material obtamed by tracheal or pharyngeal suction 
The nose was affected both externally and mtemally m 14 of the cases Ex- 
ternally the nose appeared red, swollen and sometimes blistered The vibnssae 
were smged m a few of the cases The mucous membrane was usually red and 
swollen The nares were occluded for several days both as a result of the swellmg 
and by the presence of crusts of black mucus, serum and blood There were 
considerable amounts of carbon particles embedded m the mucous membrane 
and mixed with the secretions Bleedmg m small amounts occasionally resulted 
from attempts to clear the nose of this matenal 

In about half of the cases the throat appeared red, raw, dry and sometimes 
edematous Smged areas and small blisters were often noted on the soft palate 
Some of the blood streaks and the sheets of epithehal cells seen m the sputum 
probably ongmated from these areas Laryngoscopy was done m several of the 
cases with marked laryngitis and stndor but, under the stress at the tune, the 
findmgs were not recorded m every instance In Case 47 the vocal cords were 
noted as bemg smged and m Case 69 edema of the glottis was seen 

The signs m the lungs were similar to those m the precedmg group but they 
were more extensive and, m addition, evidence of consohdation was found m a 
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few cases Among those who recovered, the lungs were noted as bemg clear on 
admission m only 3 cases and m 3 others only a few squeais were heard at that 
tome Withm the next few hours, however, musical rdles usually bilateral, 
diffuse, and sibilant or sonorous m character were heard m almqst every case 
After the first 2 or 3 days, there were very high pitched rffles associated ivith 
poor respiratory murmurs similar to the sounds heard m some asthmatic subjects 
or m patients ivith bronchiohtis Fme or medium crepitant rdles were heard 
at the base of one or both lungs posteriorly m all cases Loud rhonchi or showers 
of crepitant rdles m the upper or antenor parts of the lungs were heard only m 
an occasional cose In those who recovered these signs persisted from from 
0 to 24 days and were still present at the time of discharge m some of those who 
left the hospital before the end of the third week 

Smgs of consohdation appeared between the third and eighth day m 0 of the 
recovered cases They were limi ted to parts of one lower lobe m 6 cases, and of 
both lower lobes m the sixth In Casa 22, an extensive area of consohdation 
proved later to be a dense and completely atelectatic left lower lobe which m 
obhque and lateral X-rays was seen as a triangular area of density behmd the 
heart shadow It was, therefore, not readily made out m the antero-postenor 
views m the early film s 

The breath sounds were diminished m 13 of the recovered cases This was 
first noted between the third and twelfth day m the dependent portions of one 
or both lungs m patients who had been permitted to he qmetly without changmg 
position for long mtervals It was often accompamed by shght dullness and 
was usually transient and migratory Changes m position or paroxysms of 
coughmg often produced changes m the signs so that the breath sounds were 
more normal These signs suggested partial atelectatic collapse of areas m the 
lung Only m Case 22 were the signs those of complete atelectatic collapse of 
an entire lobe and they were more suggestive of consohdation, as already men- 
tioned That lobe apparently remained completely collapsed throu^out the 
entire month that the patient remamed m this hospital and for some tune there- 
after while he was receivmg further treatment for his bums at a Naval hospital 

In 3 of the 4 cases in which death occurred early, coarse bubbhng rdles, loud 
rhonchi and gurghng sounds, probably resultmg from accumulation of moisture 
m the upper air passages, were heard from the tune of admission to the tune of 
death In the fourth case, wheeiang and stndor predominated throughout the 
10 hours which the patient hved, but no moist or bubbhng rdles were heard 
In the 2 patients who died after several days (Cases 113 and 131) crepitant 
rdles were heard m both bases and sonorous rdles were heard throughout the 
lungs In one of these cases signs of consohdation were made out on the day 
before death 

Autopsies w ere done only m the last 2 cases Both revealed extensive necrotii- 
mg and pseudomembranous laryngo-tracheal bronchitis and bronchiohtis with 
areas of dense atelectatic collapse, and some small areas of hemorrhagio broncho- 
pneumoma In Case 131, there had been hemoglobmuna early and azotemia 
later, and large kidneys with arterial thrombi were found at necropsy Death 
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in the other 5 cases was attributed primarily to shock In one case with a 
60% bum the possibihty that pulmonary edema was an important contnbutmg 
factor or even the chief unmediate cause of death could not be excluded Hemo- 
globmuna was noted m 3 of these 5 cases In 2 of them, this findmg was verified 
by the studies of Shen, Ham and Flemmg (10) but m the third and m one of the 
recoveied cases m this group, the occurrence of hemoglobmuna was based on the 
cluneal appearance of the voided urme and was not verified by laboratory tests 
X-rays of the chest were made m 20 cases of this group None were found to 
be entirely normal throughout and m only 2 of the cases were the abnormal 
findmgs limited to mcreases m hilar shadows and bronchial markmgs In the 
others there were areas of atelectasis and of mottled densities mvolvmg various 
amounts of the lung On the whole, the X-ray changes were consistent with the 
character and extent of the chmeal findmgs 
A history of recent respiratory infections was obtamed m 6 of the cases m this 
group One was recovering from a 'fiiead cold” and another from a “chest cold” 
at the time of the fire Three others had recurrent or chrome upper respiratory 
tract infections and one had chrome bronchitis The latter, Case 63, was the 
one who coughed up the membranous cast and obtamed immediate rehef thereby 
The patient with the smged vocal cords had a history of recurrent asthma but 
had no defimte manifestations of this condition durmg the present hospital 
entry Three other patients had had pneumoma or pleurisy on one or more 
occasions m the past In no instance did the respiratory symptoms or even the 
febrile course seem to be affected m any way by the previous illness 

Two patients had a previous history of rheumatic fever and physical signs of 
mitral stenosis When these patients were noted as havmg dyspnea and rMes 
m the lungs at the tune of entry, they were digitahzed and maintamed on digitahs 
for a few days The symptoms and pulmonary signs m these cases also did not 
seem to be aggravated by the heart lesion 
As m the precedmg group, fever was a feature of the early course m the 
hospital m all of the present cases, but although higher maximum temperatures 
were attamed, the fever was no more prolonged All but 5 of the cases had some 
fever on the day of admission In 2 of these 5 cases there was a bnef nse m 
temperature m the fifth day only, to 101°F m one case and to 105° m the other, 
while m the remaimng 3 the temperature rose to 101° or 102° on the day after 
admission and stayed at about the same level for 2 or 3 days The ma xim um 
temperature attamed m the remaining cases was 101° or shghtly higher m 3, 
102° m 8, 103° m 2 and 104° or higher m 5 cases The fever usually subsided m 
from 1 to 4 days but m a few some low-grade fever persisted for several days 
In one patient who died 29 hours after the fire (Case 115, one of those with 
hemoglobmuna) the temperature rose steadily durmg the last few hours to reach 
a maximum of 109° and m Case 113 there was irregular fever, occasionally 
reacWg 103°, until the nmth day when the temperature rose steadily to 107° 
and the patient died 

The penod of hospitalization m the recovered cases of this group, as m the 
pre\uous one was related pnmanly to the extent and seventy of the surface 
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bum and, except perhaps in individual cases, was not influenced by the seventy 
of the respiratory comphcations Thus the average hospital stay of the recovered 
cases was 36 days in the present cases and 41 and 45 days, respectively in thc^ 
with Grade 1 and 2 severity In the patients who died, on the other hand, the 
seventy of the respiratory comphcation probably hastened the fatal outcome 
The signs and symptoms in this group of cases were mterpreted as representmg 
chiefly laryngo-tracheobronchitiB and bronchiohtis with congestion and atelecta- 
sis of the dependent portions of the lungs and some bronchopneumonia in those 
who died after the first few days There was no evidence of severe obstruction 
to the oir passages and the deaths were attnbuted chiefly to axtensive bums and 
associated shock 

Cases wiOi evidence of obstruction io the respiraiory passages or With extensive 
pulmonary tiwolvemenl 

The finnl group of 30 cases mcludes the ones wth the severest respiratory 
symptoms classified as Grade 4 Most of these patients soon after they amved 
devdoped marked oabtruction to their air passages and tracheotomies were 
done m 18 of them m an attempt to reheve the obstmcbon The other 12 all 
died with what was considered to be progressive respiratory embarrassment 
though not necessarily as a result of obstruction The events which transpired 
on admission and during the early port of the hospital course m most of these 
cases happened so rapidly that it was not possible to make or record any extenave 
or detailed observations A shght conception of the urgency of the problems 
confrontmg the staff may be gamed from the fact that 14 of the 18 tracheotomies 
were done durmg the first 24 hours and only 3 of the 12 nho did not have trache- 
otomies done hved more than 43 hours after the fire Scattered details of the 
early course and of the findmgs at the time of admission are available from which 
the clmical picture could be pieced together These are from notes made at the 
tune by nurses and by members of the hospital staff, but mainly by Dr George 
H A Clones, Jr who was then Dr Lund’s resident assistant for the study of 
bums 

Three patients m this group were free of surface bums but only one of them 
survived The bums were extensive m 11 cases, mvolvmg 30 to 66% of the 
body surface m 8, and 20 to 26% m the other 3, they w ere moderate m extent m 
13 cases, mcludmg 5 with bums of 10 to 16% and 8 with 5 to 8% mvolvement 
The 3 remammg cases had mmor bums mvolvmg up to 4% of the surface area 
Hero agam the face and nose were mvolved m every case 

Almost every one m this group presented objective evidence of havmg mhaled 
large amounts of smoke the odor of which could be made out on their breath at a 
considerable distance and persisted for many hours From what was learned 
from those patients who were capable of givmg a history it may be presumed 
that they all had lost consciousness while they were still withm the burmng 
building By the tune they u ere first seen m the hospital and durmg the first 
few hours thereafter, only 10 still remamed conscious and rational The rest 
were either completely comatose, stuporous or urotional and disonented Six 
pabents who were conscious on omval rapidly became stuporous or comatose 
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The general condition of all these patients was considered to be poor at the time 
of admission or degenerated rapidly after their arrival Indeed, 5 of them were 
essentially monbund when first seen and died withm 7 hours Only 4 of the 
30 were considered to be m fair condition when first admitted —one of them died 
on the third day, a second died on the fourth day and the other 2 survived 
Manifestations of shock were noted m 15 cases but m 2 of them it did not develop 
until a few hours after entry In 9 of those who had a tracheotomy, mcludmg 
the 3 who recovered, and m 2 of those without tracheotomy there are sufficient 
data to mdicate that shock was not present on admission and did not develop 
In some of them the systohe blood pressure was often elevated due to the strug- 
ghng and excitement Restlessness, however, was a feature of all of the cases 
and was quite marked In a few it was mtermittent and some patients became 
irrational at tunes The restlessness and excitement were chiefly the result of 
anoxia, although pam from the surface bums ma y have been a contnbutmg 
factor m some instances and a few patients felt very dry and thirsty The 
restlessness was not readily reheved by sedation Chills were observed at the 
time of admission m 2 cases and after an mjection of plasma m a third 
Vonutmg occurred m the hospital m 19 cases and was severe m 5 of them 
In 3 it occurred only at the time of admission, while m some of the others it 
persisted for several hours The early vonutus contamed much carbonaceous 
matenal and mucus 

' Hoarseness was present m practically every patient and increased rapidly m 
seventy m those who hved for more than a few hours It was accompamed by 
cough m all but 3 patients, each of whom was practically monbund from the 
’ time of entry The cough was severe m the 3 patients who survived, but the 
others were all too sick to cough very vigorously or frequently 
Only 6 patients complamed of sore throat Many of the others probably 
faded to do so only because of then extremely poor condition, smce then throats 
were red, dry and raw m appearance at the tune of admission There were 
8 cases with bums of the hps and nose The nasal mucous membrane m these 
cases was swollen and black with soot and the nasal hairs were burned ^ 

Difficulty with breathmg was the outstandmg feature of aU the cases m this 
group Dyspnea of some degree with rapid, shallow respirations was noted at 
the tune of admission and was accompamed by some stndor except m 2 patients 
with very extensive burns The lungs m one of them, Case 126, were noted as 
clear, and m the other. Case 120, only a few rffies were heard at the bases m the 
admission exammation but both were breathmg comfortably at that tune and 
for the next 24 hours After that, they both developed mtermittent spells of 
dyspnea and labored breathmg which mcreased m seventy Riles appeared m 
the lungs and mcreased untd they died, one 18 hours and the other 54 hours later 
In 5 cases the dyspnea and stndor were present m a moderately severe form 
from the time of admission In all of the cases, however, the dyspnea mcreased 
either progressively or spasmodically until the patient died or until rehef was 
obtamed from tracheotomy Audible wheezes accompanied the labored breath- 
mg m 16 cases and was usually present from the tune of admission Only 2 of 
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the patients complained of pam or of a sense of constriction in the chest Defi- 
mte cyanosis was noted in 12 cases, chieay durmg spells of respiratory obstruction 
Numerous rMea were heard in every case In only 2 mstances were the lungs 
noted as clear at the time of admission and m them riles were heard on the 
foUoiving mommg There were only 2 coses in which the lungs cleared either 
partially or completely for bnef periods after riles were once heard In most 
of the others these signs mcreased progressively In general, the riles m the 
present were more numerous, louder and coarser than m the previous 
groups In 10 cases the breathmg was noisy, and gurgling tracheal sounds 
suggestmg the presence of secretions m the pharynx were heard from the tune of 
admission or shortly thereafter In the remaining cases rather low-pitched 
musical riles or rhonchi predominated throughout the lungs and medium, coarse 
and sometimes bubbhng riles were heard mostly at the bases poStenorly In 
some mstances these riles were also heard m the upper and anterior parts of the 
lungs In all the fatal cases the riles persisted to the time of death In the 
3 patients who recovered, rhonchi or wheezes were heard throughout the lungs 
and crepitant riles were heard only at the bases In one of the latter, these 
fflgns persisted for only 9 days and m the other 2 they were heard for 2 weeks 
After that time the lungs were clear m all 3 of these cases 

Defimte signs of oonsohdation uere made out only m Case 107, and were first 
recognized shortly before death which occurred on the seventh day Some 
dullness and dummshed breath sounds suggestmg partial or localized areas of 
ateleotasia were ehcited withm the first few hours m 2 fatal cases and death 
occurred withm the first 2 days m both instances The same signs were noted 
on the eighth day or later m 2 other patients who recovered and m them they 
were transient 

The character of the sputum was noted and recorded m 18 cases of this group 
In view of the mterpretabon of the events which generally prevailed at the tune, 
namely, that the patients were suffermg from pulmonary edema, it is significant 
that the sputum m every instance was described as scant, tluck, viscid and 
mucoid Only m a smgle case ivas it noted as bemg thm, frothy or copious 
durmg the first day or so Sumlar viscid material was obtamed with difficulty 
by suction m the cases m which this procedure was employed The sputum as 
well os the material obtamed by suction was black with soot durmg the first day 
or so Later on, the sputum m some mstances became more profuse and blood 
streaked or contamed frank blood, — even m some patients m nhom trache- 
otomies had not been done The blood may have ongmated from the upper 
respiratory passages m some cases The bloody sputum looked like that 
frequenUy seen m patients ivith pulmonary mfarots and mdeed, areas of mfaro- 
tion were noted at autopsy m the lungs of some of these cases Diffuse blood- 
tmged sputum suggestmg pulmonary congestion or edema, and rusty sputum of 
the typo seen m lobar pneumoma were seen 
These findmgs m the sputum are of particular mterest m the mterpretabon of 
the cau^ of the pulmonary lesions It cannot be argued that the scant and 
viaaid character of this sputum and the absence of the characteristics ordmanly 
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seen m the secretions of patients with pulmonary edema were due to dehydration 
or to the use of plasma m the present cases To be sure, the average amount of 
plasma which these patients received was 8 6 umts of 2,125 cc and only 8 of them 
received less than one hter Other flmds, however, were freely used m most of 
these cases in addition to the plasma After excludmg 6 patients who died m 
the first 9 hours without the benefit of a large fluid mtake, the average mtake per 
patient was 3 3 hters m addition to the amount of plasma administered Almost 
all of this added flmd was given mtravenously and the average amount given m 
the form of physiological solution of sodium chlonde was 1 7 hters Some may 
have received additional amounts by mouth that were not recorded The 
effects of these flmds on the pulmonary lesions are discussed m more detail 
elsewhere (15) 

Roentgenograms were not taken durmg the first 36 hours so that this type of 
corroboration of the early physical findmgs was not available m the patients who 
died before that tune X-rays of the cheat were taken on the second day or later 
m 12 cases These showed extensive pulmonary infiltration as well as marked 
mcreases m the hdar and bronchial shadows m all but 2 cases m which only 
mmor areas of density were visuahzed m the lungs In some instances bronchi 
were seen to be thickened and dilated all the way to the diaphragmatic surface 
The areas of density were small and nodular but there were no extensive confluent 
areas or areas suggestmg consohdation 

No temperature records are available m the 6 patients who died m the first 
9 hours Some fever (100 2°F or higher) was present m all but 2 of the remain- 
mg cases The maximum temperature rose to 105° m 4 cases Terminal 
h 3 rperpyrexia with temperatures reachmg 106° to 107 5° were noted m 4 other 
patients In most instances the elevated temperatures were recorded dunng the 
first few hours but m a few the fever was first noted on the following day or even 
later The pulse rate usually corresponded to the height of the fever except m 
2 cases m which the pulse was disproportionately rapid One of them. Case 
119, developed auricular fibrillation on the third day This patient had defimte 
symptoms of obstruction and was found by the laryngologist to have edema of the 
glottis and larynx 

A history of antecedent respiratory diseases was obtamed m only 4 cases of 
this group Two patients who died, were just gettmg over an attack of the 
common cold and one who recovered had a sore throat at the tune of the fire 
In these cases the acute respiratory infection probably had very httle effect on 
the chmcal course In another recovered case. No 90, there was a history of 
asthma which may have aggravated the early obstructive s 5 rmptoms sufficiently 
so that a tracheotomy was deemed necessary FoUowmg the tracheotomy this 
patient manifested very httle respiratory embarrassment and her condition 
unproved so rapidly that the tracheotomy tube was removed after only 2 days 
She had very few symptoms of respuatory obstruction after that tune 

Dark colored urme, probably resultmg from hemoglobmuna, was seen m 
6 of the present cases, but this was proved m only 3 of them (10) The bums 
m these 3 and m 2 others mvolved from 30 to 65% of the body siuface, but m the 
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surth case, they ^^ere of only 6% All these 6 patients died one durmg the first 
day, 2 during the second and the other 3 from the third to the sucth day 

Cases tn which Iracheotomy was performed 

The deaths m the present group were due to 2 difierent types of respiratory 
failure In the majority, death resulted from complete obstruction to the 
airways, and usually after previous sunilar episodes In some the obstructive 
phenomena were temporarily reheved by tracheotomy while in others this 
operation either was done too late or failed to give rehef A few m whom the 
tracheotomy seemed to give considerable rehef contmued to have spells of 
sudden and complete obstruction Some of the latter were found dead before 
any active measures could be taken whde others were agam temporarily reheved 
by suction through the tracheotomy tube or through a bronchoscope inserted 
through the tracheotomy wound 

A summary of some of the sahent features of the tracheotomy cases is given m 
table 3 The mtervals after the fire when the operation was done and the results 
are as follows 

Lem than 12 houra — 8 caaas 0 survived 

13-24 hours — 8 cases 3 survived 

More than 24 houra — t oases 0 survived 

The tracheotomies were done for the rehef of symptoms of obstruction which 
were persistent and usually progressive, with periods of exacerbation In 3 
patients they were done during an episode of complete obstruction after periods 
when the patients were comparatively comfortable In none of these 3 cases 
was the tracheotomy successful although in one instance life was mamtomed by 
artificial respiration for an hour after the operation Five other patients hved a 
few mmutes or up to an hour after the tracheotomy In some the operation was 
teclmically diflScult due, m part, to the marked edema of the neck resultmg 
from the bums and there was considerable hemorrhage at the time of operation 
m a few 

Most of those who survived tracheotomy for more than a few hours had vary- 
mg amounts of subcutaneous emphysema extendmg into the neck and sub- 
clavicular regions and, m some instances, over the pectoral and axiUaiy regions 
This emphysema could be made out climcally m some while m others it was seen 
only m the X rays Case 91, one of the patients who recovered and had repeated 
bronchoscopic suctions through the tracheotomy wound, had a rather large 
hemorrhage on the axteenth day, 4 days after the tube was removed 
^inothcr patient, Cose 08, apparently obtamed marked relief from the trache- 
otomy which was done 10 hours after entry She was sdon able to breathe 
through her mouth with the tracheal tube blocked The tube was, theiefore 
removed after 2 daj s, but 8 hours later she had another sudden attack of dyspnea' 
rapidly developed complete obstrucUon which could not be reheved by broncho^ 
scopio suction and the pabent died before the tube was replaced 
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The tracheotomy tubes were removed m the 3 survivors 2, 11 and 15 days, 
respectively, after the operation In each instance the external orifice of the 
tube was corked periodically and the patient was allowed to breathe with the tube 
m place for mcreasmg periods before it was finally removed These 3 patients 
were discharged from the hospital on the sixty-SLxth, twentieth and twenty-third 
day respectively The second of these patients was stiU coughmg and raismg a 
good deal of sputum at the time but he made an imeventful tnp across the 


TABLE 3 

Cases vnth tracheotomy , iTidtcattons and results 


CASE 

NO 

PER CENT 
OP BODY 
SURPACE 
BURNED 

1 TRACHEOTOMY 

REMARKS 

i 

Hours 

after 

entry 

Acute 

obstruc- 

tion* 

Imme- 

diate 

relief 

Time elapsed 

To 

death 

Tube 

re- 

moved 






hours 

days 


90 

6 

20 


+ 

Lived 

2 


91 

6 

16 


4- 

Lived 

11 

Frequent bronchoscopic suction 








through wound Hemorrhage 4 



1 





days after tube was removed 

92 

0 

14 


+ 

Lived 

16 

Tube corked for a few hours daily 








after sixth day 

93 

5 

2 


+ 

29 


Never regained consciousness 

94 

25 

34 

+ 

0 

i 


Operation rapid and uneventful 







1 

Artificial respiration without effect 

96 

60 

20 


+ 

7 


Artificial respiration for few minutes 

96 

6 

9 


0 

3L 

4 



97 

4 

15 


0 

i 


Much bleeding at operation 

98 

1 

10 


-1- 

68 

2i 

Sudden obstruction 8 hours after tube 








was removed 

99 

20 

6 


0 




100 

13 

23 


0 

i 



101 

14 

11 


+ 

23 


Convulsive twitchings last 3 hours 

102 

65 

27 


-f? 

3 


Hemorrhage from wound 11 hours 






I 


after operation 

103 

4 

10 


+ 



Hemorrhage 5 hours postoperative, 








easily controlled but dyspnea and 





1 



cyanosis increased 

104 

7 

83 

+ 

0 

0 


Operation difficult 

105 

15 

17 


0 



Artificial respiration without effect 

106 

35 

49 

-f- 

0 

1 


Artificial respiration without effect 

107 

12 

18 


+ 

142 


Intermittent relief from oxygen imder 








positive pressure 


* All had progressive symptoms of obstruction 


contment on the day he was discharged and he contmued his convalescence 
under the care of his physicians after reaching the West Coast 

Deaths tn cases not subjected to tracheotomy 
In addition to the 15 deaths m patients subjected to tracheotomy, there were 
4 m whom death was due to progressive obstruction with an acute exacerbation 
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These patients died after 26 (Case 123), 38 (Case 122), 79 (C^ 120) and 120 
(Case 119) horns, respectively Autopsies were done m 2 of them and in^ch 
instance showed the same type of edematous and pseudomembranous inflam- 
mation of the larynx, trachea and bronchi that charaotenzed the findmgs m the 
patients w ho died after tracheotomy In one other patient bronchoscopy done 
on the day before death showed e^ema of the glottis and lower laiynx but no 
obstruction was encountered below the laiynx In view of the poor results 
that were bemg observed m other cases, tracheotomy was not done m this case 
and the patient latfir died suddenly with symptoms of acute obstruction 
In 4 other cases death occurred withm the first 7 hours and m each mstance 
the patient was moribund and m shock on amval and failed to improve In 
these patients coarse, bubbhng riles were heard throughout the lungs from the 
tune of entry In the re mainin g 4 cases the respirations became moreasmgly 
labored although there was no marked stndor or evidence of obstruction other 
thnn that which resulted from the accumulated mucus m the pharynx This 
mucus was raised only m small amounts and with great dififioulty by the patient, 
and suction also failed to clear the air passages In one of these 4 patients 
(Case 124) who died at this hospital 43 hours after the fire an autopsy performed 
at a mihtary establishment showed an ulcerated laryngotracheobronchitis but 
there apparently was not sufficient edema to cause obstruction The lungs m 
this case, however, showed diffuse necrohzmg bronchopneumonia with numerous 
urn all areas of beginning abscess formation The autopsy was performed by 
Dr 5 Castleman of the Massachusetts General Hospital who noted that thia 
was the only one of 5 cases dying withm 72 hours of the fire m which he found 
defimte bronchopneumonia 

Ehctensive pneumoma was made out m only one of the patients m whom 
autopsies were done at the Boston City Hospital This patient (Case 107) 
died on the seventh day and signs of pulmonary consohdation were made out 
tor the first tune on the day before she died The lungs showed confluent areas 
of consohdation and the exudate m many areas contamed a moderately large 
proportion of polymorphonuclear leukocytes In Case 126 m which death 
occurred on the sixth day a similar process was begmnmg ns evidenced by the 
findmg of small numbers of polymorphonuclear cells m the serosangumeous 
alveolar exudate The predominant cells found m this exudate, however, were 
monocytes In the lungs of the other cases m which autopsies were done md m 
most of the areas m the lungs of the cases menUoned, the process ivas pnmanly 
one of necrotuang mflammation mvolvmg the air passages dow-n to the smallest 
bronchiole Accompanjung this were scattered areas of congestion and atelec- 
^is, and m mmy areiu the alveoh were filled mth viscid serous exudate con- 
tainmg fibnn plugs, red blood cells, histiocytes and plasma cells In addition 
there w ere thrombosed blood vessels and areas of infarction 


The findmgs m ffiese ca^ were interpreted at the time as bemg manifestations 

atelectasiB and mth diffuse 


inffltrabon of lie pulmonary parenchyma, particularl^ mZ^loTer ^id de™ 
Mt portions, t^ i^ct nature of which was not entirely apparent Auto^es 
however, showed that there was w,3e-HniT—> ■ ■ -- 
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IQ the lung with some scattered areas of atelectasis and some infarction Areas 
of necroti 2 ang bronchopneumoma were noted m addition m some of the cases 
but these were extensive and confluent only m Case 107, the patient who died on 
the seventh day X-rays consistent with the clmical findmgs were obtained on 
the second day or later 

Time of death of fatal cases and duration of hospitalization of the survivors 

The tune of death m the 39 fatal cases is shown m table 4 The relative 
importance of the acute respiratory comphcations and the obstruction to the 
airways as a cause of death is seen from tins table To be sure, some of those m 
whom tracheotomy was performed may have succumbed as a result of their 
surface bums, particularly when 30% or more of the body surface was mvolved 


TABLE 4 

Time of death in cases with and without tracheotomy 


XniE OP DEATH 

TIIACHI 

Done 

:OTOUY 

Not done 

TOTAL NUMBER OP 
DEATHS 

First 6 hours 

1 

5 

6 

7-12 hours 

1 

3 

4 

13-24 hours 

4 

2 

6 

25-36 hours 

5 

2t 

7 

37-48 hours 

0 

3t 

3 

Third or fourth day i 

3 

It 

4 

Fifth, 8i\th or seventh day 

1 

2t 

3 

Second week 

0 

3 

3 

After second week* 

0 

3 

3 

Total 

15 

24 

39 


* These deaths occurred at 28, 80 and 157 days, the first one occurring at another hospital 
6 days after the patient was transferred there for skin grafting 

tOne of these patients died of obstruction to the airways but tracheotomy was not done 


However, most of the deaths m the first 12 hours and almost all of those which 
occurred after the fifth day were not related to the obstructive phenomena, 
although pulmonary pathology may have contnbuted to these deaths 

In table 5 the average tune of death and the length of the hospital stay of 
survivors are correlated with the extent of the surface bums and with the 
seventy of the respiratory comphcations In the cases with respiratoiy involve- 
ment of Grade 4 seventy, the deaths occurred early — 11 on the first day, 9 on 
the second day, 1 on the third day and the remaining 6 on the fourth to the 
seventh day The average was somewhat less than 2 days This is m contrast 
to the much longer average penod of survival of the other fatal cases m whom the 
respuatory symptoms were not so severe In the cases of Grade 4 severity 
there was no correlation between the penod of survival m the fatal cases and the 
extent of their surface bums Furthermore, only m that group did fatahties 
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occur m patienta who had hums involving less thnn 30 per cent of their body 
surface (of table 1) In coses with less severe respiratory comphcabons deaths 
occurred only m those with extensive bums, that is 30 per cent or more 
The average tune of survival after the fire for all the fatal cases was 9 days 
If the cases of respiratory involvement of Grade 4 seventy are excluded, the 
average duration of the fatal cases was 24 days It is fair to say that this speaks 
well for the general management of these severely burned cases m spite of the 

TABLE 6 

Rclaijon of the duration of hoepilalizatton to the cxiont of the surface bums and to the seventy 
of the respiratory complications 


OlADE at tCTUlTT Of MSraUTOKT DfYOXVXUZirT 


m curt or 
MST KUrLJACX 
ivurcD 

0 

1 

2 

z 

4 1 

All recovered 
cu«« 

Uvtd 

Died 

0 

4* 

3 


18t 

23 

1 

a 

1-4 

2 

9 

la 

16 


1 

10 

M) 

53 

27 

31 

38 

43 

2 

36 

10-19 



135 

83 


2 

94 

20-29 



156 

120 


1 

140 

30 or more 


WKM 






Lived 







283 

Died 

80 


62 

4 


3 

m 

All recovered 

12 

mm 

45 

36 

36 

2t 

33 

cases 


■■ 

l■Bil 






Tho numbers eAch represent the average number of days (to the nearest day) that the 
patients were kept In tho hospital The numbers of casea represented in the different 
categoncB are shown In part A of table 1 19 patients were diseharged or transferred 

to other hospitals within tho ffrst 18 hours and the subsequent hospitalisation of these oases 
IB not included 14 belong under respiratory Grade 0,3 m Grade 1 , and 2 in Grade 2 With 
respect to the purfaco bums 0 of those patients bad none, 12 had 1 to 4% and 1 had 6% 

• Of 8 cases represented in this average, 3 were kept in tho hospital because of boily 
mJuTieo (fracture and contusions) The average hospital slay of the remaining 6 coses 
e os less than 1 day 

t Ono case with bums of tho larynx and vocal cords 

t Fatal Cases Tho average duration of all the faUl cobob was 9 dajs, excluding those 
with respiratory Involvoraent of Grade 4 seventy, the average duration of the fatal cases 
was 24 days 


fact that only 2 of those with bums mvolvmg 30 per cent or more of their body 
eventually recovered Among tho survivors the average penod of hospitaliza- 
tion was direcUy proportional to the extent of the area mvolved m the surface 
bums In general, tho duration of hospitahzabon was not materially affected 
by the seventy of the respiratory damage except m rare cases 

Observations on vital capacity 

Determinations of vital capacity wore made m 43 patienta on the twelfth day 
and m 14 patients on tho twenty thud day At these tunes many of the patienta 
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who had only minor bums and httle or no respiratory tract involvement had 
already been discharged and most of the fatal cases had already died The 
results of these determmations are summarized m the lower part of table 2 
The results of subsequent tests are considered m the later section which deals 
with the foUow-up studies 

The few tests done m the cases without respiratory symptoms all gave essen- 
tially normal values Values rangmg between 45 and 81% of normal were 
obtamed on the twelfth day m 7 patients with nuld respiratory symptoms 
(Grade 1) One of these patients had a coughmg spell with each test at the end 
of deep inspiration and full expiration and another complamed of pam m the 
chest at the end of inspiration Three of the 7 patients with low values were 
re-tested on the twenty-third day and the vital capacity m 2 had returned to 
normal while m the third it was still 75% of normal The latter was found to 
have a normal vital capacity when seen 2 years later 

Low values were obtamed m 4 of the 10 patients with Grade 2 respiratory 
mvolvement tested on the twelfth day These values ranged from 50 to 84% 
of the theoretical normal One of these patients complamed of pam and the 
other had some wheezmg at the end of inspiration The test was repeated on the 
twenty-third day m 3 of these patients and normal values were obtamed m 2 of 
them while m the third the vital capacity was 82% of normal 

Only 4 of the 15 patients with Grade 3 mvolvement that were tested were 
found to have normal vital capacity when tested on the twelfth day and the 
values m the other 11 ranged between 25 and 88% of normal The tests were 
not entirely satisfactory m 6 of these patients — ^3 of them coughed at the end of 
mspuation and expiration, 1 was markedly dyspneic (the vital capacity m this 
case was estimated to be 25% of normal) , and 2 felt that they could not fully 
expand or deflate their chest The vital capacity had mcreased appreciably m 
all 7 of those who were re-tested on the twenty-third day and m 3 of them it had 
returned to normal Only 1 of the patients. Case 91, who had a tracheotomy was 
tested on the twelfth day and he was found to have a normal vital capacity at 
that tune 

Summary of the clinical aspects of the respiratory complications 

The chmcal features of the respiratory comphcations m the 131 cases admitted 
to the Boston City Hospital from the Cocoanut Grove fire were descnbed In 
order to facditate the descnption, the cases were divided mto 5 groups accordmg 
to an arbitrary but convement classification based on the seventy of the clmical 
manifestations The cases were fairly well divided among these 5 groups An 
mdependent classification was based on the extent of changes found m the 
X-rays of the lungs Details of the X-ray findmgs are reported elsewhere (13) 
When the clmical seventy of the respiratory symptoms was compared with the 
X-ray findmgs a close correlation was noted The correlation was remarkably 
close when due allowance was made for the fact that the symptoms m many 
cases were much more severe than the objective physical findm gs 

There was qmte a close correlation between the extent of the surface bums and 
the seventy of the respiratory comphcations In a number of mdividual cases. 
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hoTvevEt, ISiere viete mde discrepaaciea Satisfactory or partial explamtaons 
were found for some of these discrepancies Of particular interest is the striking 
fact that aU of the deaths occurred m two types of cases —either, 1) ™ 

which the bums involved 30% or more of the body surface or 2) those wth the 
severest type of respuatory symptoms, particularly those inth manifestations of 
marked obstruction to the air passages Indeed, there were only 2 recovenra 
among 22 cases m the first category and only 3 recovenes among 30 cases with 
respiratory symptoms of Grade 4 seventy 

Because of its mterest m relation to the management of victuns of the inhala- 
tion of pulmonary imtants both m gas warfare and m mdustnal accidents, the 
problem of the fluid balance durmg the first day was given separate consideration 
elsewhere (16) The large amounts of plasma used as well as the large volumes of 
flmd administered m some cases made this aspect of special significance The 
amounts of plasma used vaned primarily with the avtent of the surface bums 
The large average amounts used m the patients with the severer grades of respira- 
toiy dimmge was due chiefly to the extensive bums which they had Detailed 
analysis of the data mdicates that the pulmonary comphcationa were probably 
not aggravated by the large volumes of plasma and other flmds that were used 
The general condition of the patients on their amval at the hospital or shortly 
thereafter was considered to be good m most of those who were free of respiratory 
symptoms and m those inth the lesser grades of respiratory mvolvement The 
proportion of cases omvmg m poor condition mcreased with the seventy of the 
respiratory comphcationa The surface bums contnbuted to the poor condition 
m direct proportion to the extent and character of these lesions This is also 
mdicated m part by the fact that the number of pabents who arrived m shock 
mcreased steadily with the mcreasmg seventy of the pulmonary mvolvement 
The shock m most of the cases was attnbutable chiefly to the surface bums, 
although that was probably not true for some of the mdividual cases 
Evidence of smoke m h al a bon was obtamed from the history or the appearance 
of the pabent at the time of ad missi on m almost all of the cases m which there 


were any respiratory symptoms Considerable amounts of smoke, however, 
were probably inhaled chiefly by those with the severer grades of mvolvement 


As the seventy of the respiratory comphcabons mcreased, a greater proportion 
of the pabents gave evidence of havmg lost consciousness while they were still 
m the bummg buildmg Moat of the pabents regamed consciousness rapidly 
after reachmg the outdoors or while they were on the way to the hospital A 
significant number of those with the severer grades of respiratory damage, 
however, were still either unconscious, stuporous or disonented on amval and 
re m ained so for some time m the hospital 
AU of the symptoms and physical signs of respiratory tract mvolvement, as 
listed m Table 2 mcreased m frequency and seventy in the cases with the pro- 
grcsave grades of respiratory mvolvement Physical signs of pulmonary 
m\olvemwt were likewise more frequent and more extensive m the successive 
padcs The sputum was essenbaUy of the same character m aU of the grouns 
kdira^B pertops that most of it probably ongmated m the upper respirato^ 
tract, the trachea or major bronchi ^ ^ 
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Fever ^Yas present in most of the cases m all of the groups, except among those 
who were entirely free of respiratory comphcations Maxunum tempei-atures of 
104°F or higher, however, were encountered almost exclusively among the cases 
of Grades 3 and 4 seventy Tennmal hyperpyrexia with temperatures reaching 
to 106° to 109° were encountered m 7 cases m the latter groups Except m the 
cases ivith the severest grades of respuatory damage the fever was related 
chiefly to the surface bums 

A history of antecedent respuatory disease was obtamed m 33 of the 74 cases 
from whom information m this regard was available There was no relation 
between the recent or past history of respiratory infections and the occurrence or 
seventy of the damage observed as a result of this fire Only m an occasional 
mdividual was it considered likely that the 83 Tnptoms were aggravated by a 
recent infection 

Tracheotomies were done m 18 cases among which there were only 3 recovenes 
Most of these operations were done dunng the first 24 hours for mcreasmg stndor 
and evidence of obstmction to the airways In some it was done after the 
patient had stopped breathmg and could not be resuscitated, m others rehef was 
obtamed but this was only temporary and death from obstruction occurred 
usually withm the next 3 days 

Most of the deaths which occurred m the first 12 hours and those which 
occurred after the fourth day were directly or mdirectly a result of the surface 
bums 

Vanous forms of local treatment of the surface bums were used m the present 
cases and some of them may have contnbuted to the fatal outcome m mdividual 
cases These and related factors, however, are not withm the provmce of this 
report 

The major respiratory damage m all of the cases may be descnbed as laryngo- 
tracheobronchitis In the severe cases the inflammatory reaction was mtense 
and was accompamed by occlusion of vanous parts of the respiratory tree by a 
pseudo-membrane of fibrm and by viscid mucoid and sangumeous exudate 
Pulmonary damage was also present m such cases and this consisted chiefly of 
congestion, edema and scattered areas of atelectasis, hemorrhage and pulmonary 
infarcts resultmg from thromboses Pneumoma occurred infrequently as small 
scattered necrotizmg lesions and m only one case was there a large confluent 
area of pneumonia 

The average duration of the fatal cases was 3 days In the cases with the 
severest respiratory damage death occurred early, while m those with the 
severest bums but with respiratory mvolvement of lesser seventy the time of 
death varied considerably Many died soon after arnvmg at the hospital while 
others died only after a prolonged penod of hospitalization In the patients who 
survived, the average penod of hospitalization was 33 days, excludmg all re- 
admissions for secondary graftmg In general, the average length of the hospital 
stay was directly proportional to the extent and seventy of the surface bums 
This was not affect^ by the character or the seventy of the respiratory comphca- 
tions except m isolated cases 
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ON THE POSSIBLE CAUSES OE THE KESPHUTORT TRACT DAUAQB 

The relatively large number of victims of tbe Cocoanut Grove Fire m wKom 
there was severe or fatal respiratory tract damage makes this a rather unusual 
disaster, porUcularly since there was no obvious source of any Bpecifin pulmonary 
imtant which is known to produce the type of lesion that occurred The exact 
cause of death in the great majonty of the viotuna who penshed inside the 
bummg buildmg is not known smce very few autopsies were performed There 
cere many, however, m whom there was little or no evidence of external bums 
or other mjunes A number of theories, therefore, have been advanced to 
explam this puzilmg situation Many of them have been renewed among the 
theories on the cause and spread of the fire and fumes m the report by Moulton 
(16) Mention need be made here only of some which may have a direct beanng 
on the respiratory tract mjunea 

Incomplete comdustwn 

The building was air conditioned and, as might be expected, there was little 
access to air except through the ventilators An air coolmg system was located 
behmd a false wall m the Melody Lounge where the fire started and so it pre- 
sumably broke down early The rapid spread of the flames among the numerous 
inflammable decorationa, mcludmg those which covered the ceiling and other 
properties, may well have created a condition m which moomplete combustion 
was takmg place The various nonoua gases winch may be produced when such 
common materials as wood, paper, rubber insulations, wool and silk are burned 
m an atmosphere deficient m oxygen have been listed by Easton (19) They 
mclude carbon diawdo, carbon monoxide, some saturated as well as unsaturated 
hydrocarbons, hydrocyamo acid and methane Evidence of carbon monoxide 
poisoning was obtamed from a few cbenuoal detonninations as well as from the 
appearance of some of the fatal cases and of a few of those w ho survived There 
IS no reason to believe that any of these substances, however, produce inflam- 
matory lesions of the respiratory tract like the ones observed here 

Nitrous fumes 

The leaons m the lungs were reminiscent of those desonbed among the viotims 
of the Cleveland Climc Disaster (20, 21) which resulted from inhahng mtrous 
fumes arising from bummg mtrocellulose X ray films Similar lesions have been 
described from eeposure to flames and fumes of burning gunpowder (32, 23) or m 
other sumlar circumstances (24, 26, 20) The smiilanty was agam brought out 
m a very stnkmg manner when, some tune later, a fatal case of surface bums and 
respiratory mjunes resultmg from bummg nitrocellulose came under observation 
at this hospital There was no evidence to implicate the burning of films or 
other nitrocellulose products at tho Cocoanut Groi e The pcssibihty of mtrous 
fumes arising from the '‘flame proofing” ammomum salts used on some of the 
fum^gs was miscd and dismissed because of the rather small quantities 
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Phosgene 

Another theory which seemed qmte plausible at the time concerned toxic 
substances which might have arisen from the escape of refngerant gas After 
the fire, some of the refngerant tubmg was found broken or melted Holmqmst 
(27) m a memorandum to the OflSce of Civihan Defense, called attention to the 
possible hazards which might result from damage to refngerators and eqmpment 
m case of bombmg With respect to Freon, the refrigerant which was pre- 
sumably used m the Cocoanut Grove’s system, he pomted out that it decomposes 
to phosgene on commg m Contact with very hot surfaces (and presumably with 
free flame) Ordmanly, however, he felt that conditions are not favorable for 
the production of dangerous concentrations of phosgene, because a fire will 
produce convection currents which will dissipate the gas In this instance, 
the possibihty that many persons might have been exposed to toxic concentra- 
tions of phosgene near the place where it was hberated and before it was dis- 
sipated, had to be considered 

E.umoi’s to the effect that some victims who had no external evidence of 
mjunes suddenly collapsed and died with pulmonary edema, lent some credence 
to the phosgene theory at the tune Fmther mvestigations, however, failed to 
corroborate those rumors, although pulmonary edema was descnbed m some 
cases dead on arrival at the Massachusetts General Hospital (18) Moreover, 
among the cases studied at the Boston City Hospital, one outstanding feature 
m almost every case was the scant, thick and tenacious character of the sputum 
This was true even m the cases with the severest respiratory damage and is m 
sharp contrast to the copious, frothy or watery pulmonary exudate usually 
described m cases of phosgene poisomng Admittedly, the effect of external 
bums or of exposure of the body to high temperatures on this aspect of phosgene 
poisomng is not known 

One other pomt which seemed to discredit the phosgene theory was the 
reported failure to discovei any evidence of fluoride etchmg of the glassware m the 
burned buildmg or on the teeth of the victims Hydrofluoric acid is the other 
substance which should have been released from the decomposition of Freon 
(dichloro-difluoromethane) 

Fire gases and 'particles 

As an alternative and simpler explanation of the respiratory tract damage 
one need only consider the effects of prolonged inhalation of the very hot air and 
fumes which presumably contamed many of the toxic products previously 
mentioned and, m addition numerous hot particles of fine carbon or similar 
substances contamed m the smoke Carbon-hke particles were contamed m the 
sputum raised for several days m some of the survivors and they were mixed 
vuth the exudate found m the trachea and in the large and small bronchi of the 
fatal cases One may suppose that the severe respiratory damage would have 
been suffered by the ones who were exposed for a sufficient time, and hence, had 
to keep inhalmg this mixture continuously before they reached the fresh air 
Smce carbon monoxide and other toxic gases were mcluded m the mixture, the 
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same mdividualfl should have had the greatest exposure to them and h^ce, 
they should have given evidence of their effeota, at least temporarily Dr Allan 
Monti and his associates are conducting espenmental investigationa of this 
aspect 

Epidtm%ologvxd uwealtgattons 

Toxicological and chemical inveatigationB into the causes of the respiratoiy 
damage were not part of the present studies Because of the great mterest m 
tViiH aspect, however, an attempt was made to obtam information concenung 
any factors which might have contnbuted to the seventy of the pulmonaiy 
lesions What may he termed an epidemiologic approach ivas used Each 
patient, when it was felt that rehable information could be obtamed, was ques- 
tioned concenung cer tain de tails of the fire In particular, data were obtamed 
concernmg the location of these patients at the tune when they first became 
aware of the fire, their desenpboas of the appearance and odor of the fumes, the 
amount they mhaled, the direction of their attempted escape from the buildmg 
and when and where they lost consaousness Similar information obtamed and 
recorded m the hospital records at the tune of entry or later was also utihzed 
Information was obtamed m this manner concernmg 72 victims, mduding 
some who were with the informant patients but succumbed withm the burmng 
buildmg Admittedly, such data are very crude at best Moreover, the least 
amount of information is available in the most important cases, namely, those 
who died of respiratory lesions either at the fire or soon after they amved mthe 
hospital Coses with respiratory tract symptoms of all the vanous grades of 
seventy ore represented, however, among the 72 cases m which information was 
obtamed and there were 122 m whom data were available concernmg the state of 
consciousness at the tune of the fire and later A study of these findmgs together 
with the correlations betiveen the seventy of the respiratory symptoms and the 
extent and site of the surface burns revealed some points of mterest 

Rdaiton of the respiraiary damage to the surface bums 

It was shown m table 1 that there was fairly good correlation between the 
extent of the surface burns and the seventy of respiratory damage Wide 
discrepancies could often be axplained by special circumstances, os m the case 
of the bartender who covered his face with a wet bar cloth and suatomed exten- 
sn e burns of his body but his face was spared and he had no respiratory symp- 
toms It was also pomted out that almost every victun who had respuutory 
symptoms also had burns of the face and nose These findmgs support the view 
^t the respimtoiy imtant was directly related to the heat and flames of the 
fire as opposed to any specific pulmonary rrntant mdependent of the usual 
products of conibustiou 


Dispersion of cases vnlh respiratory damage 

The “epidemiological" data obtamed m 73 of the casualties are given m table 
along with an estimate of the extent of the surface burns and of the grade of th 
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respiratoiy tract damage The cases are arranged m groups wcordmg to the 
part of the buildmg Bhere they first became aware of the fire There were cas^ 
with each of the vanous grades of seventy of respmitory symptoms m each part 
of the bmldmg This is seen more readily from table 7 There appears to M 
no correlation between the locaUon where the persons found themselves and the 
amount of respiratory miury sustamed 

Extent of surface bums 

The ertent of the surface bums vaned considerably among those who were m 
the vanous parts of the buildmg when the fixe started The orcumstances of 
their attempted escape accounted for most of the extensive bums which occurred 
These are noted m table 6 The route which each of the casualties took after 
they became aware of the fire and the pomta where some of them lost conscious- 
ness are plotted on the schematic diagrams of the Cocoanut Grove which are 

TABLE 7 


Seventy of rerpiratory involvement in relation to the location at the Cocoanut drove 
where paltenls firti became atoare of the fire 


LOCAIIOK AT COCOjUTUT OUVX VKXM 

rasr xwAJLC or na 

ouioc Of txsraATorr nvoLvuaxt 

AXL CASKS 

“ 1 

1 

2 

3 

4 

Melody Lounge and kitchen 


0 

2 

3 

1 

IS 

Lobby 

3 

2 

2 

2 

0 

8 

hlain dining room lobby end 

3 

6 

10 

7 

1 

27 

Mam diningroom stage end 

3 



6 

1 

14 

New cocktail lounge 

1 

n 

n 

1 

1 

8 

ToUl 

8 

2d 

16 

19 

4 

72 


* See figure 1 


shown m figure 1 Many of those with axtensive bums but with httle or no 
respiratory damage had traversed one or more rooms but finally got out mto the 
open air without losmg coosaousness withm the buildmg Others were stam- 
peded and could not mode good then escape Most of them sustamed both 
extensive surface bums and severe respiratory mjunes Still others, though 
they remained wthm the buildmg, were protected from extensive surface bums 
by the bodies of others who had fallen upon them, but they contmued to mhale 
the hot and imtatmg fumes and suffered severe respiratory tract damage if they 
lost consciousness before they were extracted and brought out mto the open air 

Relaiion of loss of consciousness lo respiraUity damage 

Perhaps the most significant findmg was the rather close correlation between 
the loss of consciousness withm the Cocoanut Grove bmldmg and the grade of 
respiratory damage This correlation m 122 cases is shown m table 8 Which 
mong the vanous gases was responsibio for the loss of consciousness la not 
known Presumably carbon monoxide contnbuted m many instances Sunple 
anoxm and suffocabon, and perhaps famtmg may have been contnbutmg factors 



















□ LOCATION AT START OF FIRE 
-* DIRECTION OF ATTEMPTEO ESCAPE 
O CONSCIOUS ON EXIT 
Q UNCONSCIOUS AT THIS POINT 


COCOANUT GROVE 


MAIN FLOOR 



PIEDMONT ST EXIT (revolving ooor) 



Fig 1 Schematic Rbphesentation of Location op the Patients at the 
Time They Pirst Became Aware op the Fire and the General 
Direction of Their Attempted Escape 

The “Terrace” constituted the rear of the main floor dimng room facing the stage 
It was slightly elevated above the mam floor and separated from it by a short raihng 
The “Dance Floor” was directly in front of the stage (Drawing by A Harriet Mac- 
Donald ) 


TABLE 8 

Relation of the state of consciousness before leaving the Cocoanut Grove and the seventy 


of the respiratory involvement 
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STATE or CONSCIOUSNESS 






ALL CASES 

0 

1 1 

2 1 

3 

1 ' 


Consciouss 

21 

25 

11 

3 

1 0 

60 

Unconscious 

3 

8 

8 

21 

22 

62 
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At any rate, it may be assumed that those who became unconscious had the 
(createst exposure and mhaled the largest amount of the hot, nmaous fr^ 
tot time until they were extracted mto the open air They probably ^ 
inhaled substantial amounts before losmg consciousness although some of th^ 
could recall takmg only one or jtwo breaths of the imtatmg fumes No conclu- 
sions could he drawn as to the nature of the noxious gases from the descnptions 
given by the patients 


Conclusions 

On the basis of these crude observations and m the absence of other more 
defimte information certam deductions may reasonably be made There did 
not seem to be any concentration of casualties with severe respiratory tract 
mjnnes m any one part of the buildmg No clue has, therefore, been obtamed 
as to any site where a respuatoiy irritant rmght have been released The 
posmbihty tot such an imtant may have escaped gradually but was dissipated 
rapidly with to currents of hot air and flames has not been excluded The 
respiratory imtant was probably part of the hot mr, fumes, and particles which 
resulted directly from the bunung of the contents of the vanous rooms and 
rapidly permeated throu^out all parts of the buildmg The fumes probably 
contamed some poisonous gases other than those which contributed to the 
respuatory tract lesions Those victima who inhaled sufficient amounts of 
th^ gases to render them unconscious, and those who may have lost conscious- 
ness from other causes before they reached the open air, mhaled the largest 
amounts of these hot fumes and particles and, therefore, sustained the severest 
respiratory tract damage The amount and seventy of the surface bums, on 
the other hand, seemed to depend prunarfly on exposure to free flames or hot 
surfaces 


THEBAPBUTIC PBOBLEUS 

While the surface treatment of the bums and the administration of the plasma 
and flmds constituted the mn]or proble^ which engaged most of the attention 
of those concerned mth the mitial phases of the management of the Cocoanut 
Grove victims, there were many other therapeutic problems which were equally 
urgent and sometimes even more so This w as particularly true m the patients 
with severe respiratory tract mvolvement Because of the unusual character 
of the cases encountered and the lack of previous expenenco with such cases, 
there were conflicting views at the time concermng the types of therapy mdicated 
and the results obtamed from tho treatment employed It is of mterest, there- 
fore, to roviow the data available with respect to the therapeutic agents nnH 
procedures actually used and to attempt to evaluate the results achieved m 
relation to tho mdications which prompted their use 
From what has already been said, this would seem to be an almost impossible 
task The records of most of the cases were grossly inadequate for tho purpose of 
^udjTng tho effects of most of tho drugs used or of the procedures earned out 
^eto were, howcier, sufficient numbers of cases m which bedside notes by 
doctors and nurses were made m some detail concermng tho use and effects of 
some of these therapeutic measures These notes supplemented by personal 



TABLE 9 

Therapeutic agents and procedures used in the management of the victims of the Cocoanut Or ove 

fire at the Boston City Hospital 

(Excluding the surface treatment of the burned areas) 


Analgesics and soporifics 

Expectorants 

Opiates 

Comp tinct benzoin (as below) 

Morphme 

Syrup of hydriodic acid 

Codeine 

Comp syrup of eocillana 

Pantopon 

Ammomum chloride 

Dilaudid 

Elixir of terpin hydrate 

Others 

Potassium iodide 

Barbiturates 


Phenobarbital 

Other inhalation therapy 

Pentobarbital 

Steam tent 

Amytal 

Comp tinct benzom with steam 

Seconal 

Camphor, menthol and eucalyptol with 

Pentothal 

steam 

Others 

Humidifier at room temperature 

Miscellaneous 


Chloral hydrate 

Local therapy of the nose 

Paraldehyde 

Mmeral oil 

Aspirm 

Bone acid ointment 

Demerol 

Azochloramide 

Bromides 

Ephednne solution (drops) 

Others 

Amphetamme solution (drops) 

Sulfathiazole omtment 

For relief of anoxia 

Neosynephnne (drops) 

Oxygen administered by 


Nasal catheter 

Local therapy of the oropharynx 

Nasal mask 

Suction and swabbing 

Oronasal mask 

Gargles 

Tent 

Warm glucose solution ' 

Oxygen under positive pressure 

Warm com syrup solution 

By mask 

Dobell's solution 

Through tracheotomy tube 

Lozenges 

Helium oxygen mixtures 

Chloroform tablets 

Others 

For relief of respiratory obstruction 


Tracheotomy 

Flhids and electrolytes 

Suction 

Human plasma 

Of pharynx by catheter 

Human albumin 

Through bronchoscope 

Glucose in distilled water, 5, 10 and 60 per 

Through tracheotomy tube 

cent solutions 

Through tracheotomy wound 

Sodium chlonde, 0 86 per cent solution 

Postural drainage 

Alkalies 

Artificial respiration 

Sodium bicarbonate 

Racenuc sodium lactate 

Antispasmodics, stimulants, etc 

Calcium gluconate 

Ammophyllin 


Theophylline 

Sulfonanudes 

Ephednne 

Sulfadiazine 

Atropine 

Sulfathiazole 

Adrenaline 

Sodium salts of above 

Caffeine 

Sulfapyrazine 

Coramine 



Miscellaneous general therapy 

Digitalis 

Adrenal cortical extract 

Desoxycorticosterone 
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observations form the bases for thus presentation A list of n^y of the vano^ 
forms of therapy used in these cases is given m table 9 Th^ which w^ be 
considered here fall mto 4 categones 1) sedatives for the relief of pain, restless- 
ness and insomnia, 2) procedures for the rehef of anoxia and respiratory tract 
obstruction, 3) measures mtended to reheve the local discomfort m the upper 
respiratory passages and 4) chemotherapy for the control of infection 


Sedation 

As pomted out by Beecher (28) with relation to the cases treated at the 
Massachusetts General Hospital almost ail of the patients admitted to this 
hospital from the Coooanut Grove fire required some sort of sedation unmediately 
on arrival and for several hours or even days later Almost all of them were 
restless and some were almost maniacal Many factors contributed to this 
state but the chief ones may be mentioned bnefly 

Pam undoubtedly was an important factor m many cases In some of them 
it resulted from large distended blebs, and considerable rehef was expenenced 
when their contents were discharged. In others, the surface bums mvolved 
so many parts of the body that there was always some friction which was un- 
avoidable due to pressure on one or more of the affected areas and which gave 
nse to considerable pom The minor inflammatory reactions, parboularly those 
of the eyes, nose, hps and throat, were very annoymg and oftmi qmte as painful 
as the extensive burns of the skin 

Pear, ■panic and hyslena were major factors, particularly when the patients 
first arrived This was mevitable m persons who had seen other victuns on all 
sides, many of them dead or dymg, and were naturally very apprehensive about 
their own condition and that of their fnends and relatives In some instances, 
particularly among patients who had comparatively mmor mjunes, rest and 
reassurance was all that was necessary, but most of the patients required more 
effective sedation with drugs 

Ationa and (Astmclion to the air ■passages undoubtedly were the most important 
causes of the symptoms m those with severe respiratory tract mvolvoment 
The obstruction was often mtermittent due either to spasm or to partial occlusion 
from e.xudate or from pieces of fibrm and desquamated epithehum and was 
almost always accompamed by extreme restlessness and at tunes by muscular 
twitchmgs or even convuMons Coughmg spells usually preceded and ac- 
compamed these manifestations but they wore not always present nor marked 
Insomnia was another feature m the majority of the patients, particularly 
smce there was consideiable activity going on about the wards dunng the first 
day or so Many of the victims were also havmg mghtmarea and hallucinations 
dunng which they were re-hvmg their experiences In still others the insomnia 
, resulted from pam, breathlessness or apprehension 

Morphine As might be e.xpected, every type of sedation that was available 
m the hospital was used by one or another of the members of the staff and many 
of the patients received several dnigs m rapid succession Chief reliance m the 
first instance was placed on the use of morphme The mitiol dose was given m 
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the admission rooms to almost every patient who presented any evidence of 
bums or appeared to be m any discomfort The mechanism for its administra- 
tion was adapted from the procedures advocated by the Eed Cross and the 
Office of Civihan Defense for use m aar raid casualties The Medical Director 
of the hospital who took personal charge of general administrative ma tters within 
a few minutes of the arrival of the first patients, assigned a number of nurses 
to this task They were each given a 10 cc syrmge and sent to a nearby ward and 
asked to load the synnges with the solution of morphme sulphate from the ward 
supply When they returned, they each proceeded to mject the amount pre- 
scribed by the admittmg physician to each of the patients as they came along 
The amount given was recorded on a conspicuous area of unaffected akm 
Lipstick or any other available marlong material was used for the purpose 
The amount given at this time vaned from 7 5 to 15 mg to i gram) 

Additional doses of morphme and of other sedatives were given on the wards 
or m the operatmg rooms as they were deemed necessary by the physicians m 
attendance The doses were repeated when they failed to achieve the desired 
result, particularly m cases with extensive bums or severe respiratory mvolve- 
ment or both This may have been overdone m mdividual cases and may have 
contributed to some of the deaths that occurred durmg the first day or two 
It was of mterest, therefore, to analyze the total amount of morphme given m 
various types of cases durmg the first 24 hours. The data are shown m table 10 
These figures were considered to be rehable smce the morphme administered was 
probably recorded quite faithfully 

On the whole, larger doses were used m the fatal cases than m those that 
recovered This was to be expected smce the former mcluded the cases with the 
most extensive bums or the severest respiratory symptoms or both Only 2 
patients who recovered received more than 60 mg of morphia m the first 24 
hours The largest amount was 90 mg m a patient who required 3 doses of 
16 mg each withm a penod of 2 hours before he qmeted down The respiratory 
rate did not declme appreciably durmg the next few hours m this case In a few 
patients who received large doses, other sedatives such as barbiturates by mouth 
or parenterally were given without effect before the opiate was repeated Each 
of the patients was receivmg oxygen, several were havmg frequent aspirations of 
their upper respiratory passages and a number of them required tracheotomy 
These measures gave only partial or temporary rehef, but often the first sedative 
effects of the drugs were noted only after these other procedures had been earned 
out to reheve obstmction and anoxia 

There were 2 patients m whom the respiratory rate was noted to become 
' considerably depressed after doses of morphia which were probably excessive 
One of them developed signs of obstmction and died shortly thereafter foUoivmg 
an unsuccessful tracheotomy The other suffered no ill effects but no further 
doses were given to that patient when the low respuatory rate was observed 
This occurred durmg the second day and there was a general tendency to give 
less morphme after these expenences There may have been others m whom 
respirations were depressed as a result of excessive amounts of morphme but 
m most instances the dyspnea and stndor contmued In one patient, for 



BESPIKATORY INJTJBIES FROM COCOANOT GROVE DISASTER iiUO 

example, 2 doses of 16 mg and 2 additional doses of 10 mg were given withm a 
12-hour penod dunng which the respiratory rate continued to nse and the stndor 
and the rdles m the chest mcreased 

It IS not certom that some patients were not harmed mdireotly by suppression 
of respirations or of the cough reflex The possibihty is suggested by the fact 
that extensive lesions Rimilar to those found m tracheotomized patients were also 


TABLE 10 

Analyttt 0/ the amount of morphtne lued tn the first Si hours 





)rnusza who ucxived 

m 


rvn or cisn 

euxs 

15 ms 
or less 

16*50 

mg 

31-45 

mg 

46-60 

mt 

H 


Recovered ewea— total 

87 

45 

26 

11 

3 

2 

24 

Seventy of rcapiratory damage 








None 

18 

12 

4 

1 

1 

0 

22 

Grade 1 

32 

19 

7 

a 

0 

0 

23 

Grade 2 

la 

8 

a 

1 

1 

0 

24 

Grade 3 

IS 


8 

1 

1 

2 

31 

Grade 4 (tracheotomy) 

3 


1 

1 

2 

0 

0 

36 

Fatal oases— total 

39 

5 

11 

10 

D 

a 

43 

Tracheotomy not done 

24 

3 

3 

10 


3 

46 

Traobootoray dono 

15 

2 

8 

0 

H 

3 

40 

Tune of death 








Leas than 12 hours 

10 

3 

4 

2 

0 

1 

33 

12-24 hours 

6 

■■ 

3 

0 

2 

0 

39 

24-48 hours 

11 


2 

3 

2 

3 

49 

After 48 hours 

13 

II 

2 

fi 

3 

2 

48 

All cases — total 

120 

60 

37 

21 

10 

8 

30 

Per cent of body surface burned 








None 

12 

8 

2 

1 

0 

1 

26 

1-9 

74 

38 

23 

7 

3 

3 

26 

10-29 

18 

4 

8 

4 

1 

1 

33 

30 or more 

22 

0 

4 

9 

6 

3 

48 


EicluUeil from this table aro 5 potioats who suatamoU neither burns nor respiratory 
damage, received no morphine and were discharged within a few hours 


obsened at autopsy m some patients whose symptoms did not seem to warrant 
an o^rabon ^d m others m whom the obstructive symptoms occurred so 
rapidlj that tte patient succumbed before it could be undertaken On the 
other ^d, the large doses of morphme wore almost always given only after it 

A considcraUon of mdividual cases leaves the unpresmon that more than 
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2 or 3 doses of 10-15 mg of morphme m a smgle day were probably unnecessary, 
tliat larger amounts were usually given m desperation and m spite of the fact 
that no obvious benefit resulted, that most of those cases had some evidence of 
obstruction and were not made more comfortable by this type of sedation and 
that some of the cases may possibly have been harmed by suppression of the 
respiratory reflexes and the consequent failure on the part of the observers to 
pursue the mechamcal measures necessary to provide an adequate airway It 
was further noted, by way of contrast, that when restlessness was due to pain 
alone small er doses were required, rehef was more rapid, was recogmzed more 
readily and lasted for longer penods so that it was not necessary to repeat these 
doses at short mtervals 

Otlm- optates were used m a number of the cases Pantapon m doses of 10 to 
20 mg and ddaudid m doses of 3 mg were used off and on m patients with 
painful bums In such cases they served the purpose as well as did the morphme 
Demerol was used m only 2 patients with extensive bums and with only shght 
respiratory symptoms and they were reheved temporarily of restlessness by 
smgle or repeated doses There were no real opportumties to appraise this drug 
m the present cases Codeme m dose of 30 to 60 mg with or without additional 
analgesic drugs was used when coughmg was severe and imtatmg In some 
cases it was used from tune to time as a substitute for morphme with varymg 
success Several patients with shght or moderate pam from bums or from 
imtation m the respiratory tract experienced rehef from doses of 30 mg of 
codeme supplemented by 0 6 grams of aspmn In many eases the opiates were 
given m conjunction with barbiturates, bromides or aspinn and the combmed 
effect was usually better than that obtamed from the opiates alone 

Barbziurates were used very freely, and probably every patient received them 
m one form or another They were used most often and m the largest doses 
during the first 4 or 5 days Phenobarbital and its sodium salt were used most 
frequently and pentobarbital sodium was also used m a large number of cases 
In the patients with mild or moderate respiratory tract symptoms, doses of 
0 1 to 0 2 grams given once or twice were usually adequate to reheve restlessness 
and permit comfortable sleep Similar doses sometimes repeated every 6 hours 
failed to brmg about this result m most of the patients with severe grades of 
respiratory tract mvolvement Some of the latter received mtravenous or 
mtramuscular mjections of 0 3 grams of phenobarbital sodium as many as 
4 or 5 tunes wi thin a few hours without bemg reheved of their restlessness 
Such patients often quieted down very rapidly with only a smgle dose of this or 
other types of sedation after obstruction was temporarily reheved by suction or 
after some of the obstructmg matenal m the trachea or larynx was dislodged and 
raised by vigorous coughmg As a matter of fact, it was mostly as an adjimct 
to the mechamcal measures for rehef of obstruction that the barbiturates and 
other sedatives seemed to have their greatest benefit by offermg the patients 
more rest and some sleep after strugghng vigorously for breath The restless- 
ness m patients with extensive bums but with only mmor respiratoiy tract 
symptoms was variably affected Some of those with painful lesions required 



267 


RBSPIBiTOBY LNJTJBIES FBOil COCOANOT GROVB DI8ASTEB 

opiates as a supplement to the barbiturates m spite of large and repeated doses 

° It was difficult to determme the relative merits of the 2 barbiturates which were 
most frequently used Pentobarbital in doses of 0 1 gram seemed to be some- 
what more effeoUve for the rehef of insomma and of lesser degrees of restlessness 
than phenobarbital m the same or somewhat larger doses, particularly m those 
with only mild respiratory symptoms In those with severe lesions both of these 
drugs were often used m large doses but with less effect Other barbiturates 
such as seconal and amytal were used m a few cases and gave results similar to 
those obtamed with other forms There was no definite evidence of untoward 
effects from any of the barbiturates unless the hyperactivity andhallucmations 
of some of the patients were manifestations of such reactions The forms of 
sedation were sometimes changed m such cases Suppression of respiration 
attnbutable to the barbiturates likewise did not occur 

Other sedaiwea Chloral hydrate was used m only a few cases for in s omni a 
Paraldehyde was generally avoided In 2 cases m which the latter was given 
intramuscularly m doses of 3 to 8 cc it was noted as hnvmg no favorable effect 
but it did not seem to aggravate the respiratory symptoms Bromides were used 
to supplement other sedatives particularly m persona who seemed emotionally 
upset, but this form of treatment was not pursued vigorously Simple sedatives 
or analgeaioa such as aspuin, phenacetm and others were used qmte hberally but 
by themselves failed to have any significant influence on the severe symptoms 
On the whole the barbiturates were effective for the rehef of restlessness and 
naomnia m cases with mild or moderate bums and with mmor grades of respira- 
tory mvolvement Largo doses frequently repeated were required m cases with 
severe lesions These wore often unsuccessful until opiates were given when pam 
was the underlymg cause of the restlessness or until anoxia was reheved by 
removal of on obstruction to the airways and by proper oxygen administration 

Inhalalum therapy for rehef of atwxia 

Oxygen “* As m most general hospitals the amount of equipment available 
for administration of oxygen was limited There ii'cre a few tents throughout 
the hospital, and only about one mask of the nasal or oronasal typo ivas a^ aiiable 
on each of the adult words 'Withm a short tune after the patients reached the 
wards the need for oxygen treatment became apparent and all available means 
were mobilized for its administration About one-balf of the patients received 
oxygon durmg tho first 1 to 4 days and some of them received it mtermittently 
, for sovoral days longer, but, since many factors contributed to tho patients’ 
symptoms it was difficult to evaluate its effects There were a number of 
features of the present cases which ore worth recountmg os illustrative of the 
problems iihich were confronted 

of the paucity of more smtable equipment tho greatest rohance liad 
to be placed on the ordinary rubber catheter of tho urethral tjpo Difficulties 
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arose almost immediately Most important was the objection on the part of the 
patient because of the' marked irritation of the nose which was mvolved m almost 
every case with respiratory tract involvement of any degree The mucous 
membranes m the nares were often burned or at least had become swollen and 
i n flam ed and later desquamated There was a serous and bloody, discharge 
which later became purulent The openmgs of the nasal tubes frequently 
became obstructed so that the tubes had to be removed and cleaned or they were 
puUed out frequently by the patient who could not tolerate the untations 
In Older to reduce the chances of the catheters becommg obstructed, the hard 
tip was lisually cut off, the end smoothed out and a few additional openmgs were 
made m the termmal one-half mch of the tube It was necessary also to avoid 
touchmg the inflamed postenor phaiyngeal wall Humidification of the oxygen 
was accomplished by passmg it through a water bottle but there was an made- 
quate supply of proper eqmpment for that purpose Dryness of the mucous 
membranes, therefore, probably added to the discomfort from the oxygen 

There were few instances m which st rikin g rehef resulted from oxygen given by 
nasal catheter alone In many mstances there was some improvement m the 
color of the patients but they complamed bitterly and some of them actually 
became more restless because of the local irritation and struggled against retain- 
mg the catheters m place In some of the patients the catheter was replaced 
by a mask, with some rehef, but difficulties were then encountered because of the 
mvolvement of the face and bps With the masks, however, it was sometimes 
possible to get enough rehef so that, with the aid of sedation, the patient qmeted 
down enough to obtam brief periods of rest The few tents that were available 
were m constant use m the severest cases They, too, had the usual limitations 
of that type of eqmpment, mostly the sensation of claustrophobia and the 
mterference with nursmg procedures 

Information concernmg the effects of oxygen therapy was recorded m 47 cases 
m whom it was apphed by nasal catheter In only 9 was it considered to have 
given defimte benefit In 24 mstances it either gave no demonstrable rehef or 
was considered to have caused more discomfort than benefit In the re mainin g 
cases the effects were doubtful Oxygen by mask was recorded as givmg rehef 
in 4 cases while m 4 others it was not possible to contmue with the treatment 
because of the objections of the patients In the remammg cases the effects were 
eqmvocal or not recorded Of 9 patients who were treated m a tent, some rehef 
was expenenced by 6, while the other 3 objected too strenuously to its use 
None of these procedures, of course, attacked the major difficulty, namely, the 
obstruction which was responsible for the greatest amount of respiratory distress 
They were helpful only when the airways were relatively free In cases with 
obstruction there was either progressive dyspnea and stndor m spite of the 
oxygen administration or there were penodic violent episodes of ait hunger either 
because of spasm or because of sudden lodgmg of exudate or membranous 
material m the larynx, trachea or larger bronchi In such cases or durmg these 
episodes there was httle or no benefit from the oxygen m any form and the 
patient usually struggled bitterly agamst all forms of apparatus Only after 
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the ohstmctioii was relieved by suction, or occasionally by an antiapaamodic 
drug was it possible to lesume the osygen treatment with some success 

Oxygen under poeiltve pressure Ahout 36 hours after the fire, Dr John 
H Evans of Buffalo, New York, President of the International Anesthesia 
Research Society, appeared at this hospital with a limited amount of equipment 
for the administration of oxygen under positive pressure and graciously offered 
his services m mitiatmg and carrymg out this form of treatment m a few of the 
very severe cases The apparatus mcluded the usual anesthesia mask with a 
large sized rubber bag which was kept inflated through a rather wide tube 
A nmnll but unmeasured amount of positive pressure was constantly mamtemed 
by the weight of a metal tongue which rested on the mflated bag Unfortunately , 
this apparatus was quite bulky and may have been somewhat of a mental 
hazard to these patients most of whom were already quite apprehensivo because 
of the limited success which attended their previous expenences with oxygen 
given through other types of apparatus 

Tivelve patients received 100 per cent oxygen under positive pressure m this 
manner for varying periods ,' — some for only a few rmnutes and others mter- 
imttently over a penod of 1 or 2 days In 4 of these patients the mask was 
replaced by a tube inserted mto the tracheotomy tube Some of them had 
previously experienced temporary rehef m various degrees from oxygen ad- 
ministration by tent or mask In others the treatment was started durmg 
periods when the patient was having considerable distress 
It IS not fair to judge the effects of this type of therapy from the results 
observed m these few cases However, most if not all of those m attendance, 
were not qmte as favorably impressed as was Dr Evans from their observations 
of this bnef trial Some degree of rehef of acute respiratory distress became 
apparent ivithm a few nunutes m a few of the cases In them, the cyanosis 
unproved and possibly the amount of moisture m the lungs decreased as judged 
bj the decrease m audible rflles These pabents then qmoted dmvn enough to 
doze off under the influence of sedabon which had previously been meffecbve 
In one-half of the pabents, however, httle effect was noted At least one of the 
pabents struggled violently while ox-ygen was bemg given under pressure and 
subsequently seemed to obtom more rehef when oxygen was given through the 
oidmary nasal mask ivithout positive pressure In the pabents who had 
previously had tracheotomies and in some of the other pabents who subsequently 
died, the acute obstructive symptoms recurred m spite of the pressure-oxygen 
therapj Onlj after suchon was used did these patients obtain any measure of 
rehef The 0 patients who obtamed some rehef, liowexer, did not liave any 
true stndor or evidence of obstruction at the bme Under similar conditions 
other pabents responded favorably to treatment with oxygen given m a tent or 
by a mask without posibva pressuro 

There was no defimto cluneal evidence of mcreased venous pressuro observed m 
the pabents while they were bemg treated with oxygen under posibvo pressure 
except 03 they became obstructed and began to struggle Unfortunatelv 
measurements of the \ cnous pressuro and of the oxygen tension m tho blood were 
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not made although they would have been of great value m estunatmg the 
benefits or possible harm from this type of treatment 

Helium-oxygen mixtures were used m only 2 of the cases Both were m very 
poor condition when the treatment was started and they were temporarily 
benefitted by it The improvement m the color and m the character of the 
respirations was probably as great if not greater, than was observed m those 
cases who responded favorably to pressure oxygen One of the 2 cases had had a 
tracheotomy earher and both had evidence of carbon monoxide poisonmg at 
entry Both died m the middle of the second day with obstructive symptoms. 

Relief of obstruction 

Simple procedures The rehef of obstruction of the air passages constituted by 
far the most serious problem m many of the cases Needless to say there was 
considerable difference m opmion at the time as to the best procedure to adopt 
when rehef could not be obtained from inhalation therapy or from the use of 
other types of medication In some cases the obstruction was due, m part at 
least, to a collection of secretions m the postenor phaiynx that the patient was 
unable to raise With a httle cooperation it was sometimes possible to remove 
some of the thick matenal with the aid of moist cotton or gauze either on the 
finger or on the end of a tongue depressor When the matenal was less viscid or 
frothy its removal could sometimes be facihtated by elevatmg the foot of the bed 
and turmng the patient on his side Usually these secretions could be removed 
only by suction apphed either through a catheter attached to a synnge or with the 
aid of an electnc suction apparatus of the type used durmg tonsillectomies 

Tracheotomy The laryngologists were best eqmpped to carry out the more 
drastic procedures One or more of the members of their staff were available 
most of the time and they performed suction under direct vision through a 
laiyngoscope or bronchoscope or through the tracheal tube In the severest 
cases, however, obstruction often occurred quite abruptly, and at such times, it 
required the immediate attention of the first physician on the scene and he was 
usually one of the surgical mtems or residents When it was obvious that the 
obstruction was m the larynx or below, the decision to do a tracheotomy had to 
be made and earned out without delay It is for that reason that the laryn- 
gologists actually earned out only a few of the tracheotomies Some operations 
were undoubtedly averted by constant attention and by frequent aspirations 
Others might have been more successful had they been done earher and before 
complete obstruction occurred 

Suction The tracheotomies did not solve the problem satisfactorily m the 
ma]onty of cases This is understandable from the character of the lesions 
responsible for the symptoms The fibrmous pseudomembrane and the des- 
quamation of epithehum usually extended down to the smaller ramifications of 
the bronchial tree Repeated aspirations were also necessary after the trache- 
otomy m all of the cases This was done by insertmg a catheter through the 
tube or through the wound and applymg suction In some cases a bronchoscope 
was passed through the tracheotomy wound and suction was performed imder 
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direct visioa Sucbon was necessary just as frequently in the pati^t who 
received oxygen under pressure directly through the tracheal tube as m the other 
patients who were placed in a tent or were given oxygen through a catheter 

inserted mto the tube . . j 

One of the most striking aspects of the mechnmcal procedures just mentioned 
was the marked rehef obtamed m some of the cases m which the suction was 
successful m alleviatmg the obstruction Large plugs of fibrm, pseudomembrane, 
blood and inspissated mucus were often dislodged and removed m such cases 
These patients, who were qmte exhausted by their previous expenences, would 
then readily respond to axygen m any form with improvement m their breathing 
and m their color Repeated doses of the vanous sedatives which previously 
faded to reheve their restlessness were now unnecessary The patients usually 
relaxed and fell asleep aided perhaps by the previous sedation The amount of 
rest and sleep which the patients then obtamed depended upon hou soon the 
obstruction recurred 

AHxfjcnal respiralioii In a few patients artificial respiration was employed 
after tracheotomy and auction At least one of the patients probably owes his 
life to this procedure which became necessary after one of the periods of obstruc- 
tion and after the bronchoscopio manipulations which were done to remove some 
obstruotmg plugs In 2 other severe cases, breathmg was re-estabhahed after 
16 to 30 nunutes of artificial respiration but these patients died dunng the 
foUowmg day In moat of the remainmg patients, however, the procedure was 
without effect That was particularly true following tracheotomies 

Aniispamiodtca and tlimvlanis 

Because symptoms of obstruchon occurred or became aggravated penodically, 
it was thought that spasm of the larynx, trachea or bronchi played a rfile, and 
for that reason anbspaamodio drugs were used AmtnophyUin was used more 
frequently than other drugs because of previous favorable expenences with it m 
other forma of acute bconchospasm Notes on the use of ammophjlhn from 
which its effects could be judged were available m 30 patients, of whom 20 died 
In all these cases it was given mtravenously m doses of 0^ to 0 60 grama, the 
former bemg repeated m some instances 2 to 4 tunes at varying mtervals up to 
4 hours In addition, doses of caffeme were given mtramuscularly in some of 
these patients Most of them were havmg diffuse musical rdles m the chest and 
vanous degrees of stndor In none of them did tha signs m the chest clear 
In only one mstanco was there any unprovement m the symptoms and m that 
case oxygen under pressure was given at the same tune Several of these 
patients wore subsequently rehoved either by suction or bj coughmg up some of 
tha material which seemed to be the immediate cause of obstruction In a few 
patients ammophylha was given by rectum without benefit No ill effects 
attnbutablo to this drug \sere noted 

m 10 caBes 
of 25 to 60 
onoinBtanco 


Ubservationfl on tbo use and effects of ephednne T\ero available 
This was usuaJJy given subcutaneously or intramuscularly m dose 
mg repeated at from 2 to 0 hour intervals for several doses In only 
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were any favorable effects on the obstructive symptoms noted after these 
mjections In several, however, there was a defimte mcrease m the restlessness 
for one-half hour or longer after each dose One-half of the patients who received 
this drug recovered 

Atropine is another drug which is often used m desperate cases, usually m the 
tenrunal phases when the pharynx and trachea are ^ed mth mucus or frothy 
matenal which the patient is unable to raise Most of the cases m which it was 
used m this senes fall mto that category In a few cases of lesser seventy 
atropme was given for excessive amounts of pharyngeal mucus to prevent the 
pam and irntation that accompanied efforts to expectorate It was given m 
doses of 0 4 to 10 mg , the smaller amounts bemg repeated as often as every 
4 hours for several doses m some of the cases It was used almost exclusively 
dunng the first 2 days Of the 36 patients to whom atropme was given 21 died, 
mostly m the first 4 days In no instance was the desired effect achieved, and 
some of the patients actually felt worse foUowmg the administration of this drug 
In a few instances the atropme was given m combination with ephedrme but that 
combination hkewise did not have any favorable effect on the symptoms or on the 
objective signs m the chest In fact, there was not one case m which appreciable 
“dryness” was observed as a result of these doses 

Other stimulants such as coramme, adrenahn and caffeme were also given 
These drugs, too, were usually reserved for the final despeiate stages when other 
methods failed Most of the doses were given during the first day or two 
There were only 5 recovenes among 24 patients m whom the administration of 
these drugs were recorded and their effects noted They were not of any help 
under the conditions m which they were used 

Expectorant drugs and inhdUmts 

It was previously noted that the sputum was usually thick, tenacious and 
scant dunng the first few days In addition, the dryness of the upper respiratory 
passages was often aggravated by the oxygen administration These facts, 
added to the inflamma tory edema and soreness, made expectoration qmte 
difficult and painful Attempts were, therefore, made to alleviate this condition 
and to encourage expectoration, by the administration of the usual expectorant 
drugs and by humidification of the atmosphere with or without the addition of 
soothmg agents 

The expectorants listed m table 9 are the ones most commonly used m this 
hospital Each of them was used m from 10 to 20 patients m ordmary thera- 
peutic doses and were usually started between the first and fourth day When 
the desired effect was not obtamed, either the dose was mcreased or a change was 
made to another agent The general impression gamed from the recorded 
observations was that most of the patients had some favorable effect from these 
agents but this was observed only after 12 to 24 hours or longer, and sometimes 
only after the dose was mcreased or the type of expectorant changed It is not 
ceitam that the improvement observed would not have taken place without the 
aid of these expectorants At any rate, the nurses’ notes m more than two-thirds 
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of the cases indicated that expectoration began to be less painful and somewhat 
more copious and less tenacious from 1 to 2 days after this medication a as 

^''ll^ng the inhdanls used the first to be tned m any sigmficant number of 
cases was Compound Tmoture of Benaom administered m the usual manner 
mth steam from a kettle of water placed near the bedside under a canopy which 
covered the patient This was usually started durmg the second or third day m 
patients mth imtated inflammatory lesions of the upper respiratory tract 
associated with sore throat and laryngitis Among those m whom it was used 
were 3 patients who had had a tracheotomy mcludmg 2 who recovered Im- 
provement was recorded m all but 3 of the 24 patients m whom this form of 
treatment was used Most of these patients volunteered the information that 
this treatment ivas very comfortmg, improved the hoarseness, reheved the 
dryness and made expectoration much easier The rehef usually began qmte 
soon after the treatment was started Similar effects were expenenced by 
3 patients m whom a mixture of camphor, menthol and eucalyptol instead of the 
beniom compound was used with the steam 
In 12 patients there was an opportumty to try the effects of a mechantcal 
humidifier'^ which saturated the atmosphere of the room without heatmg 
Moat of these patients, too, seemed to benefit by this therapy, at least tem- 
porarily Some of them noted a defimte change for the worse as the apparatus 
was turned off In 2 of the patients. Compound Tmcture of Benzom was used m 
conjunction with this type of humidifier 

Loccd therapy of the note and oropharynx 

Perhaps the simplest and most useful procedures which added to the comfort 
of a large number of the patients were the local nursmg measures designed to 
alleviate the imtation m the upper respiratory passages Smce all of the patients 
ivith respiratory tract mvolvement had bums of the mouth and nose, there was 
some nasal obstruction from inflammatory edema, exudation of serum, bleedmg 
and crustmg The tame was true of the bps and oropharynx The nBonl 
imtation w as considerably aggravated when nasal catheters w ere used for oxygen 
administration Purulent nasal discharges were usually observed after the third 
or fourth day 

The most effective measures were the simplest and gentlest ones They 
mvolved hght snabbmg with cotton soaked m salme followed by apphcation of 
bland substances such as mmeml od or bone acid omtment These measures 
kept the surfaces moist and soft and prevented crackmg Apphcations of 
aqueous solubons of ephednne, neosynephrmo or omphetamme by drops or 
applied with a swab after the cleansmg procedures somebmes gave considerable 
relief and permitted nasal breathmg, at least temporanlj, when that was not 
previously possible They also helped to reduce the diyness of the pharynx 

In the mouth and throat, gentle sw abbmg with moist cotton or gauze w as used 
to remove some of the thick mucous MUd solubons of sodium bicarbonate 

“ GoQQroujly loaned by the ChiUren's Hoipltal, Boston 
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were also helpful for this purpose Large amounts of secretions sometunes 
required removal by suction Some of the patients obtamed some comfort from 
irrigations or' gargles with warm solutions of glucose or of com syrup In a few 
patients analgesic lozenges containmg small amoimts of chloroform or anesthesm 
were used from time to tune with shght rehef 

Chemotherapy and control of infection 

Details concermng the use of chemotherapy in the present cases and an evalua- 
tion of the results have been presented elsewhere (14) Only a bnef r4sum6 of 
this aspect of treatment need be given here 

Sulfonamides, mostly sulfadiazme, were used m 76 cases mcludmg 15 fatal ones 
and aU others m which there were severe bums or respiratory tract symptoms 
and who hved and remamed m the hospital for moie than 2 days They were 
used primarily m the hope of preventmg the spread of infection from the burned 
areas and to prevent or minimize pulmonary infections The average dose was 
60 grams given m an average of 11 days Most of the sulfonamides were given 
oraUy, but parenteral mjections of sodium sulfadiazme were used m 17 cases 
mcludmg 12 fatal ones 

There were many diflSculties m administenng these dmgs and m mamtainmg a 
proper flmd balance, particularly because of impared renal function resultmg 
from shock or hemoglobmuna m those with severe burns Alkaheswere given at 
first because of the findmg of hemoglobmuna, but these were used with caution 
Blood levels tended to be high durmg the Sxst day or so and low later on Toxic 
effects were relatively infrequent, dmg fever with or without rash occurred in 
7 cases, renal cohc m 1 and mtrogen retention m 3 The latter were all m cases 
m which hemoglobmuna and some mtrogen retention was demonstrated before 
the dmg was started 

The results of the chemotherapy were difficult to evaluate Fever occurred m 
almost all cases but was attnbuted to the bums when it occurred early The 
same was tme of leukocytosis Infections of deeply burned areas occurred 
after the first week and were fairly frequent but not severe Extension of the 
infection beyond the burned areas, however, was observed m only one case 
Staphylococcus aureus was obtained qmte frequently from the mfected areasand 
was usually the predominant organism Vanous gram negative bacfih and 
hemolytic streptococci were also cultured from many of the wounds It was 
not possible to assess the significance of these organisms m relation to the heahng 
of the wounds but the infections probably contnbuted to the malnutrition of 
-some of the cases 

Pulmonary infections were few and usually mild, but extensive pneumonia 
was found m only 2 cases Other patients had protracted respuatory symptoms 
and physical and X-ray signs m the lungs with fever and leukoc 3 rtosis It was 
difficult, however, to determine to what extent pulmonary infection was respon- 
sible for these manifestations smce similar signs and symptoms were noted early 
m most of these cases Furthermore, most of these patients had extensive 
surface bums, and infections m these areas probably contributed to the fever and 
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leukocytoas On the whole, it was consdered that chemotherapy was respon- 
sible, at least m part, for mimmmng pulmonary infection and for preventmg^ 
delayed deaths from pneumonia m many of the cases 

Comment 

It IS apparent that the management of the respiratory tract comphcations m 
the victims of the Cocoanut Grove fire taxed the therapeutic skiU and mgenmty 
of all those m attendance From the appearance of the lungs when they were 
seen postmortem one could readily appreciate the underlymg cause of the 
symptoms and their seventy as well as the failure of most of the measures 
employed Survival m the cases with severe damage obviously depended on the 
mamtenance of a free airway by all available means The condition was quite 
analogous to that encountered m the severe types of acute laryngotracheo- 
hronchitia m infanta and children (29), particularly when these conditions are 
associated with extensive membrane formation through the tracheobronchial 
tree AH the known forma of treatment are far from satisfactory and the results 
are qmte discouragmg 

use of mechanical measures, mcludmg tracheotomy, for rehef of obstruc- 
tion to the airways was unavoidable m many cases The laryngosoopists were 
reluctant to perform tracheotomies They, of course, were best equipped to 
carry out the most useful procedures which could have averted those operations 
However, the hi^ mortality rate following the operation does not seem to be an 
adequate justification for the failure to do tracheotomies smce they were per- 
formed for the most part only after the other measures failed Possibly some 
of the deaths might have been averted if tracheotomy had been performed at an 
earher stage and supplemented by frequent but gentle suction together with the 
apphcation of other soothing measures when they were mdicated The laiyngos- 
copists should be constantly available at yery short notice if tracheotomy is to 
be avoided Furthermore, the nature of the lesions was such as to require great 
care and gentle handling m order to avoid senous hemorrhage or further mcrease 
m the inflammatory edema as a result of traumatio procedures 
The use of oxygen under poative pressure did not really receive a proper trial 
m these cases The types of apparatus now available (30) ore much sunpler and 
more efficient and also permit better control because it is possible to measure the 
amount of positiv e pressure Better results might have been attained had such 
apparatus been available and used more ividely The mtroduction of ephedrme 
or neosynephrme or even adreimlm as a nebulized spray along with the axj gen 
might also prove helpful m such cases when used either \nth or without positive 
pressure (31) 

The importance of keepmg the respuatoiy passages moist by simple mennq 
cannot bo o\ eremphaaizcd AttenUon to the hygiene of the nose and phaiynx 
with imgations, snabbmg and the apphcation of bland oils or omtments were 
most helpful in aocomphshmg this purpose Adequate humidification of the 
iMpired air or oxygen is also highly important and was greatly appreciated by 
the patients. The use of e.xpectorants given orally or added to the mhalanta m 
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the form of Compound Tmcture of Benzom or some similar preparation seemed 
helpful to some extent and apparently contnbuted to the comfort of the patients 
The beneficial effects of orally a dminis tered expectorants were considerably 
delayed and also less stnkmg than those given by inhalation m a humid at- 
mosphere 

Needless to say, cases of the type encountered offered numerous problems for 
mvestigation Unfortunately, it was not possible to carry out some highly 
desirable studies on respiratory physiology and on the pharmalogical effects of 
vanous therapeutic agents and procedures m the present cases It is hoped 
that the account given of the problems which were encountered m the present 
cases will stimulate such studies by others who are properly eqmpped to do 
them It is also to be hoped that considerable information which will prove 
useful m similar cases has already been acquired m the course of the numerous 
mvestigations which have been conducted in relation to chemical warfare and 
mdustnal medicme The results of these studies when they become available, 
will undoubtedly clarify many of these problems and possibly offer new methods 
of approach to their management 

Summary and conclustons 

An account has been given here of the vanous measures used m the manage- 
ment of the respiratory tract compheations m the victims of the Cocoanut 
Grove fire The major problem and the one most difficult to overcome was the 
obstruction to the airways This obstruction was due chiefly to a membranous 
laryngotracheobronchitis and m the severe cases yielded to nothmg short of me- 
chamcal measures mcludmg bronchoscopic suction or tracheotomy The 
failure of even these measures m many cases was due to the extension of the 
lesions along the smaller ramification of the bronchial tree 

In general, opiates were most successful m the rehef of pam, the barbiturates 
were most useful foi restlessness, anxiety and msomma, and humidification of the 
inspired air, expectorant drugs, inhalants and local nursmg procedures were 
most helpful m alleviatmg the discomfort m the upper respiratory passages 
Oxygen therapy was of only Limited value but its usefulness nught have been 
greater had there been available more suitable eqmpment None of these 
measures by themselves were of any value m rehevmg the s5rmptoms which 
resulted from obstruction 

Chemotherapy ivith sulfonamides given systenucally did not prevent infec- 
tions of the burned surfaces but probably kept such infections from spreadmg 
and probably also minimi zed the comphcatmg infections of the respiratory tract 

FOLLOW-UP OBSERVATIONS 

There was considerable speculation as to possible residual damage and sequeUae 
which nught result from the respiratory tract mjunes m the victims of the 
Cocoanut Grove fire An attempt was made, therefore, to detemune to what 
extent symptoms and other evidence of respiratory tract damage persisted or 
developed among the survivors who had been treated at the Boston City Hos- 
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pital The information was gathered durmg a 26 month penod foUowmg the 
disaster Most of the follow-up studies were made at 3 mtervals, namely, 
after 4, 9 and 26 months In the first follow-up the information was obtamed 
chiefly ’through a questionnaire sent to the patients and answered by them or by 
then physicians At 9 months, the foUow ups consisted entirely of personal 
mtemews supplemented m each instance by physical and X-ray examinations 
At 26 months, the information was obtam^ m a few instances by means of a 
questionnaire but m most cases by mterview and examinations 


TABLE 11 

Occurrence of retpiraiory at varume intemiZ* after the Cocoanui Grove fire 



^ The occurrence of symptoms referable to the respiratory tract m various 
KTOups of patients and at the 3 different tunes when the observationa were made 
> summanzed m table 11 For convemence the cases will be considered m 
elation to the seienty of the symptoms onginallj observed m the hospital and 
! iraded accordmg to the ontena set down on page 224 


. , I’altenis who were free of reaptralory brad symptoms while m the hospital 

There w^ 12 patients m this group a ho responded to the quesUonnaire 
1 iRMths after the disaster Eleven conadored themselves to be m good health 
^ the Ume and onl> one. Case 74, desonbed his general condition as ‘'fam” and 
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complained of fatigue and of a moderate cough which was non-productive 
An X-ray of the chest taken by an outside physician at that tune was reported 
as consistent with “pneumomtis ” Only one other patient m this group, 
Case 89, complained of some cough which also was non-productive There 
were no other complamts referable to the respiratory system m the patients of 
this group There are no further follow-up observations among the patients 
of this group 

Patients who originally had mild respiratory symptoms referable chiefly to the 

upper respiratory tract {Grade 1) 

Of the 23 patients m this group who rephed to the questionnaire at 4 months, 
22 considered themselves to be m good health while 1 descnbed his general 
condition as fair The latter had a non-productive cough and frequent sore 
throats There were 5 others who had occasional cough which was either dry 
or was productive of only a small amount of green sputum m the mornmg One 
of these 5 patients was also havmg frequent sore throats 
Nme of this group were mterviewed and examined 9 months aftei the fire 
Two (Cases 62 and 67) complamed of tirmg easily, 1 had shght dyspnea and 
hoarseness and the other 6 were m good health and free of s 3 Tnptoms Only 
2 of the 6 patients who had complamed of cough at 4 months were seen at this 
time and both of them had become free of this symptom Physical and X-ray 
exammations were negative m all 9 of these cases 
Data are available m 13 patients of this group 26 months after the disaster 
Twelve considered themselves to be m good health and one, who was havmg 
frequent upper respiratory infections considered her general health to be fair 
The 3 patients who complamed of cough at this time are of mterest One of 
them. Case 83, was a fireman who had frequent exposures to smoke and flame 
and had a chiomc cough for many years Another, Case 40, had no complamts 
at the time of the earher follow-up but now had a mild non-productive cough of 
1 month’s duration The thir d, Case 60, was one of those who had complamed 
of cough at the 4 month’s foUow-up and contmued to have a imld cough, chiefly 
m the mommg, productive of a small amount of yellowish-green, non-bloody 
sputum 

None of the others had any complamts referable to the respiratory symptoms 
Detailed system review supplemented by physical and X-ray examinations was 
negative m all of the cases Vital capacity determmations were made m 7, 
mcludmg 3 who had low values when tested durmg the ongmal hospital entry , 
and all 7 were found to be normal 

Patients who had respiratory involvement of moderate severity {Grade 2) 

In this group 10 patients responded to the questionnaire at 4 months All 
considered themselves to be m good health Only one. Case 13, complamed of a 
mild cough productive of small amounts of mucoid sputum m the mommg 

Eight patients m this group were mterviewed and exammed after 9 months 
and all considered themselves to be m good health One of those who had not 



nESPIRATORY INroTUES FROM COCOANUT GROVE DISASTER 


279 


responded to the 4 month questionnaire, Case 68, complamed of some dyspnea 
on exertion and a moderate cough, chiefly m the mommg and productive of 
smaU amounts of mucoid sputum smce discharge from the hospital A second 
patient. Case 61, had frequent upper respiratory infections and a third. Case 30, 
complamed of shght dyspnea on exertion There were no other complamts 
referable to the respuatory system m these patients and a detailed system review - 
was negative Physical and X ray exammationB of the lungs were negative m 

every case , ^ 

Data concemmg 11 patients are available at 26 months and 10 of them 
desonbed thw general condition as good The other patient. Case 58, con- 
sidered herself to be only m fair health She no longer had the persistent cough, 
sputum or dyspnea but she complamed of an unusual number of upper respira- 
tory infectiona Four patients complamed at this time of some cough which 
was dry or productive of small amounts of mucoid sputum mostly m the mommg 
Three of them had been followed earlier and had no complamts at the time of the 
previous follow ups All other findmgs were negative except for the occurrence 
of jaundice m Case 62 which will be considered later Vital capacity determina- 
tions were made m 6 of the cases at this time and all were normal 

PalierUs who had seoere respvratory symptoms (Qrads S) 

There were 16 patients m this group who rephed to the questionnaire at 
4 months All of Aem had remamed m good general health except one, Case 24, 
who had jaundice and will be discussed later Three of these patients still 
complamed of some cough one. Case 1, had persistent hoarseness, a second. 
Case 16, was “always cleanng her throat” and often ‘lost her voice” and a 
third. Case 4, complained of mdd chest pam One additional patient. Case 47, 
complamed of chest pam 

At the 9 month follow up, 10 patients were seen and all were m good health 
except one, Case 69, who had jaundice and will be considered with mmilnr cases 
later Three patients. Cases 1, 3 and 4, complamed of tirmg easily Hoarseness 
and cough were no longer present m Case 1, but the patient complamed of some 
post-nasal discharge which she attributed to smusibs The frequent necessity 
for cleanng the throat and the penods of aphonia were still present m Case 16 
and, m addition, the patient had frequent sore throats and a dry cough The 
chest pam had subsided m Cases 4 and 47 Three other patients complamed of 
non productive cough In 2 of them the cough had not been present dunng the 
first few months,— m the third, the cough nas assocmted with shght dyspnea 
There were no other symptoms referable to respiratory or other systems m these 
cases and the physical and X ray examinations were aU negative 
Data concemmg 11 patients m this group are available 26 months after the 
fire At that tune, 9 of them rated their general health as good and 2, as fair 
One of the latter had no speafio complamts The other. Case 19, still com- 
plained of cough which for several months had been dry but had smce become 
producUve of about 100 cc of greenish sputum daily This patient also had 
some cheat pam with the cough and also had some post-nasal discharge One 
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other patient, Case 8, who had not been followed previously had a cough produc- 
tive of a moderate amount of sputum smce the time of the fire but was otherwise 
well No other complamts were noted and the physical and X-ray examinations 
were entirely negative Vital capacity determinations were made m 5 cases at 
this time No r mal values were found m all of them, mcludmg 1 m whom a low 
value was obtained shortly after the fire 

Patients who had been subjected to tracheotomy 

The 3 patients m this group who survived are of special mterest and will each 
be considered separately 

Case 90 This patient’s general health has remained good In response to 
the first questionnaire at 4 months she stated that she had no cough and raised no 
sputum At both 9 and 26 months, however, she complamed of a morrung cough 
productive of small amounts of non-purulent sputum which occasionally was 
blood streaked She has also been havmg shght dyspnea durmg upper respira- 
tory infections but she had no asthmatic attacks smce the fire There were no 
other complamts referable to the respiratory or other systems X-ray and 
physical examinations were negative and the vital capacity was normal on each 
of the last 2 occasions 

Case 91 This patient, too, has remained m good health and he gradually 
returned to his ongmal rather strenuous duties after only a bnef period of 
convalescence He complamed chiefly of post-nasal discharge and some tender- 
ness of the nasal mucosa He also contmued to have a shght cough productive 
of a small amount of greenish, non-bloody sputum He had no other complaints 
referable to the respiratory or other symptoms X-ray and physical examina- 
tions of his chest were negative His vital capacity was normal at the time of the 
last foUow-up but it had been normal before he left the hospital 

Case 92 This patient rephed to the 4 and 26 months questionnaire and was 
seen 2| years after discharge At 4 months she still had some hoarseness and a 
cough productive of a moderate amount of thick sputum which often “impenUed 
her breathmg ” After 26 months she had a shght cough but otherwise was m 
good general health and had no other complamts referable to the respiratory 
system When last seen her general health was good and she had been back at 
work as an entertamer for over 2 years She stfll had very shght cough and 
mucopurulent sputum, but this has steadily improved She contmued to have 
shght dyspnea and hoarseness after smgmg too long at a tune Her vital 
capacity was essentially normal as were the X-rays of her chest 

Occurrence of jaundice 

Because of the many recent reports concenimg homologous serum jaundice, 
and smce large volumes of plasma and blood had been used at the Boston City 
Hospital m the treatment of the victims of the Cocoanut Grove fire, the occur- 
rence of jaundice m 3 of these cases, 1 while stfll m the hospital and the other 2 
after they had been discharged is of mterest The available details m these 
3 cases will be presented briefly. 
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Case S-i- This patient was a 26-year old white man who sustamed bums 
ivolvmg 14% of the body surface, of which 10% were third degree, and also 
iiffered severe respiratory damage (Grade 3) The surface treatment con- 
isted of tnple dye He received 3,600 co of plasma durmg the 2 months 
luring the eleventh week he began to have vague epigastric distress after meals 
md a tew days later he became jaundiced There had been no recent trans- 
usions and no hemoglobmemia was found For a few days his stools uere 
dmost clay colored and there was bile m his unne His icterus mdex rose to 
30 on the 83rd day At that tune his prothrombm concentration was less than 
1% of normal Ha was given daily mtravenous doses of 10 mg of 2 methyl- 
mtravenously for 3 days but his prothrombm time did not 
return to normal for 6 weeks Durmg that time the icterus mdax had fallen to 
10 Leukocyte counts remamed about 7,000 per cu mm throughout his course 
His total plasma protem concentration fell to 4 3 g per 100 co of which only 
1 0 g was albumm Hippuno oad excretion was low and cephahn flocculation 
was abnormal durmg this time Four weeks later, however, the plasma protem 
values nnrt hippuno aad excretion were normal and the cephahn flocculation 
test was negative The hver and spleen were never palpable and he was afebrile 
throughout this penod His subsequent course has been uneventful and he was 
discharged on the 130th day after ^e necessary skm graftmg had been earned 
out He has had no recurrence of jaundice or symptoms 
Case SS The patient was a 25-year old office worker who had second degree 
bums mvolvmg about 2% of the body surface and moderate respiratory tract 
symptoms (Grade 2) The bums of the hands and leg were treated with tnple 
dye She was given 1,600 co of plasma durmg the first 24 hours and received 
no further plasma or blood. She was discharged on the 17th day About 6 
months after the fire she noticed that her skm had become yellow over a penod of 
1 to 2 weeks Durmg this tune she felt nauseated and had some vague ab- 
dominal discomfort Her stools were hght gray m color and her urme was dark 
at this tune She contmued to feel poorly for about one month durmg which 
the jaundice gradually receded The patient did not r emain m bed and she had 
no medical attention durmg this tune There has been no recurrence 
Case 69 The patient was a 26-year old government inspector who sustamed 
second degree bums of about 6% of his body surface and severe respiratory 
damage (Grade 3) The surface bums were treated with tnple dye (4) He 
was given 1250 co of plasma durmg the first day and none thereafter He was 
discharged on the 24th day and returned to work shortly thereafter On 
March 6, the 97th day after the fire, he became ill with nausea and vomitmg 
Shortly thereafter, ho noticed that his unne was dark and his stools light brown m 
color Five days later ho consulted a phjmcian who told hun he had "catarrhal 
jaundice ” He remamed m bed with jaundice, malaise and indigestion for 
about 2 weeks He has been up and around smee then but still had sbght 
r^duol iceterus and mdigestion when seen here 2 months later ShorUy bef^ 
that tune he had an attack of severe, cramp-hke epigastnc pam ocoumng m 
spasms for 6 mmutes each over a penod of 48 hours but he has had no similar 
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attacks smce then There was no vonntmg or recurrence of jaundice He 
improved markedly after that and has been free of symptoms except for a shght 
cough He has jomed the Navy and when last heard from he had been on 
active duty for over 18 months 

Summary and comment 

From the data presented it is not possible to state the exact mcidence of 
residual symptoms attributable to the respiratory tract mjuries sustamed at the 
Cocqanut Grove fire Such symptoms were neither frequent nor severe Per- 
sistent cough was the most common symptom While most of the patients 
raised httle or no sputum with the cough, particularly durmg the first few 
months, an occasional patient later began to raise copious amounts of muco- 
purulent sputum suggestmg the development of bronchiectasis m those cases 
Residual chrome nasopharyngitis and possibly the development of mild chrome 
smusitis IS suggested by the occurrence of post-nasal discharge m a few of the 
patients Residual symptoms were more frequent among those who had the 
severest manifestations soon after the mjury 

Jaundice, probably attributable to plasma mjections occurred m 3 patients 
These patients received 3,500, 1,250, and 1,500 cc of plasma dimng the first day 
after their mjury and the symptoms of hepatitis began after 11 weeks, 5 months 
and 14 weeks, respectively Only one of these patients had received mjections 
of blood m addition to the plasma The manifestations m these cases were 
similar to those of so-called “catarrhal jaundice” or of “homologous serum 
jaundice ” Two of the cases were relatively mild while the thud was moderately 
severe and had laboratory evidence of hver damage All hav erecovered, ap- 
parently without residual 
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iNTBODUCnON 

MaASTTBEinsNT OF CoEOKAaT Blood Flow 
Nobual CoaoNJLHT Blood Plow 
Total Coronary Blood Flow 

Normal Diatrlbutioa of Coronary Arterial Inflow , 

Factobs AjPEcnNO Coeonabt Plow 
Arterial Blood Preeauie 
Heart Bate 
Temperature 
Blood VUcoaity 

Anoxio, Aephyxia and Hypercapma 
Cardiac Output 
ExtravoBOulor Pressure 

Changes in Coronary Flow during the Cordiao Cycle 
The Coronary Venous Return 
Njenvoua Coi^tkol of thb CoHOJfABr Cibculatiom 
Aotion of Neurohumors 
Vagal Stimulation 
Sympathetic Stimulation 

Reflex Control of Coronary Blood Flow Reflexes of Cardiac Origin 
Reflexes of Extra Cardiac Origin 
Phabuacoloot of thb Cobonaht CractrLAitoN 
CoaoAABT Blood Plow in Disbasb Statbs 
Hypertension 
Congestive Failure 
Valvular Heart Disease 
Hyperthyroidism 
Anemia 

Myocardial Ischemia 
Collateral Circulation 
SuiaiABT 
BiBUOQBAPirr 

The coronary vessels serve to cany blood for the nutntion of the cardiac 
muscle Certain anatomic and physiologic features which distinguish the 
coronary circulation from that of other organs ha\e made difficult the dotermi 
nation of the factors controUmg the blood flow to the heart 
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Anatomtcally the coronary circulation is unique in that numerous anastomotic 
connections exist between the coronary vessels and the ventncular cavities 
Although under normal conditions these anastomoses are apparently non-func- 
tional, m pathologic states they may become important The anatomy of the 
coronary circulation has been discussed m detail elsewhere Bnefly, the cardiac 
muscle IS nourished by right and left coronary arteries which arise from the 
smuses of Valsalva or just above the semilunar valves (195) The distribution of 
these arteries vanes considerably from mdividual to mdividual In general, 
however, the nght coronary artery supphes the right auncle and ventncle, the 
smo-auncular node, aunculo-ventncular node and myocardial conduction as- 
tern The left coronary artery, which divides mto a circumflex and an antenor de- 
scendmg branch, supphes the left auncle and ventncle Both coronary artenes 
send branches to the mterventncular septum The division of the coronary 
artenes to supply the vanous cardiac muscle bundles has been descnbed by 
Robb and Robb (169) The coronary artenes break up mto progressively smaller 
artenes and artenoles and finally form a nch capillary network The blood is then 
collected mto coronary vems The prmcipal veins jom to form the coronary 
emus which drains mto the nght auncle Other smaller vems empty duectly mto 
the nght auncle In addition, numerous small Thebesian vessels connect the 
capiUanes directly with the cardiac chambers, and anastomotic smusoids are 
present between artenes and artenoles, between capillanes and the cardiac 
chambers, and between artenoles and the cardiac chambers (199) A nch 
network of lymphatic capiUanes is present which m the dog umtes mto a smgle 
trunk draining the entue heart (34) 

The nerve supply to the coronary vessels is extensive In the dog, cat, rabbit 
and gumea pig the larger artenes are supphed by both sympathetic and para- 
sympathetic fibers m approximately equal proportions (214) The smaller 
vessels, however, are innervated prmcipaUy by the parasympathetic system 

In general, the amount of blood reachmg a tissue depends directly upon the 
pressure of the blood dehvered to its capiUanes (18) The blood is propeUed by 
ventncular contraction, and the flow mamtamed durmg diastole by the elastic 
recoil of the artenal walls This forward movement is opposed by the peripheral 
resistance to flow of the progressively smaUer vessels through which the blood 
must course, and by the viscosity, or mtemal fnction, of the blood itself 

Physiologically the coronary circulation is umque m that the peripheral re- 
sistance to blood flow vanes throughout the cardiac cycle as the ventncular muscle 
contracts and relaxes The flow reachmg the cardiac muscle is therefore the 
resultant of a pulsatile mfiow from the aorta, and a pulsatile penpheral re- 
sistance 

Differences m the anatomy and physiology of the coronary vessels among 
vanous species as weU as among mdividuals of the same species have not been 
stressed adequately m the hterature Relatively few studies have been made of 
the human coronary cuculation because of the obvious difficulties mvolved 
Despite this, conclusions ■with regard to human coronary physiology have been 
drawn freely on the basis of experiments on lower ammals Furthermore, 



THE COBONABT CIBCTJEA.TION 


287 


knowledge drawn from studies of the isolated, denervated heart has been trans- 
lated too readily to the human patient The physiology of the coronary cir- 
culation has been reviewed cntically from different pomts of view by Wiggers 
(210) and Anrep (2) and m a symposium of the Amenean AssociatioE for the 
Advancement of Science (216) 

MEASUBBUENT of COBONABT BLOOD PLOW 
The measurement of coronary blood flow presents numerous difficulties 
Investigation is comphcated by the fact that under certam conditions blood can 
flow from the ventricular cavities directl} mto the coronary vessels through the 
numerous anastomotic connections present, and thus augment coronaiy arterial 
flow On the other hand, the venous outflow from the heart is divided among a 
number of vessels, and the coronary flow cannot be determined accurately from 
the outflow of any particular one 

Many methods have been devised to determine the volume of coronary blood 
flow The outflow from the coronary smus was first used as a measure of total 
coronary flow by Morawiti and Zahn (162) who studied whole anim al s The 
techmque was adapted by Markwalder and Starling (142) to the heart-lung 
preparation m which the vanous determinante of coronary flow could be con- 
trolled separately This method assumes that the smus outflow is a fixed pro- 
portion of the total coronary blood flow Early experimental work (47) sug- 
gested that this was true, but more recent studies (119, 121, 160) mdioate that 
the ratio between coronary smus outflow and total outflow is not constant Coro- 
nary smus outflow therefore cannot be used as a reliable mdex of total coronary 
flow 

A second method of measurmg coronary blood flow is to determine the oul- 
flow of the putmonary artery m a preparation m which the coronary vessels are the 
sole sources of blood to the right ventncle This may be done by perfusmg the 
coronary arteries of an isolated heart through a cannula m the aorta (47, 161, 
132) The small quantity of blood which flows directly mto the left ventncular 
cavity from small coronary vessels, an amount not exceeding three per cent of the 
total drainage of the coronary system (126), is ignored Measurement of 
pulmonary arterial outflow is more accurate than measurement of coronary 
smus outflow Unfortunately it cannot be used m the naturally mtaot nmmql 
Coronary blood flow may also be detennmed by measuring arterial inflow 
This may be done by measurmg the flow from a reservoir perfusmg the coronary 
arteries at a constant pressure (122, 130) or by mterposmg a flow meter m the 
course of the coronary arteries (10, 98) In the former method care must be 
taken that the measurement of arterial inflow is accomplished without any 
appreciable change m arterial pressure In the latter method, the arterial flow 
may be measured either by cannulation of one or more arterial branches, or by the 
use of the thermostromuhr, a device not requinng cannulation Techmques m- 
volvmg artc^ cannulation can be apphed only to acute experiments, and must 
necessarily disturb normal hemodynamic relationships The mmute coronary 
flow may be determined by perfusmg a cannulated arterial branch at a constant 
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pressure (67), or more physiologically by means of the pulsatile outflow from the 
aorta Thus Gregg and Green (88) measured the pulsatile coronary blood flow 
with an onflce plate meter, a device which records the drop m lateral pressure 
resultmg from the passage of the blood stream through a narrow orifice The 
larger the blood flow, the greater the drop m pressure which results. The 
blood flow can be determmed by calibration A simpler device, the rotameter, 
has been used recently by Gregg and his associates (98) This is a vertical, 
transparent tube of constant taper containmg a freely movable float The 
height of the float m the flowmg stream is a function of the rate of flow, which can 
thus be determmed after cahbration The device is said to have an error of less 
than 10 per cent 

Tor long term studies a method must be used m which changes of blood flow can 
be measured through an mtact vessel wall This was achieved by Rem (166) 
who used the thermostromuhr which apphes heat to a blood vessel wall and to the 
blood passmg through the lumen The extent to which the umt heats the ves- 
sel wall depends upon the rate of blood flow which can then be determined by 
measurmg the temperature of the vessel wall In Rem’s onginal instrument 
the blood vessel was heated by a high frequency altematmg current Cah- 
bration was difficult because of local heatmg of the vessel wall Baldes and 
Hemck (10) were able to mcrease the accuracy of the thermostromuhr by uamg 
instead a direct current They calibrated the instrument in mtro and claimed an 
error of no more than 10 per cent The thermostromuhr can be placed around 
the coronary artery of a dog aseptically and left m siiu for many weeks (39) 
Studies for as long as eight days after the insertion of the umt showed no changes 
m the electrocardiogram or femoral blood pressure of the dog (42) Gregg and 
his associates (91, 174) have criticized the thermostromuhr on the grounds that 
in mtro cahbration is inaccurate and in mvo cahbration accurate only for acute 
experiments m which no back flow occurs None the less, the thermostromuhr is 
apparently an adequate meter with which to demonstrate quahtative if not 
quantitative changes m the minute volume of coronary arterial flow 

Under normal pressure conditions, measurement of arterial inflow is an ac- 
curate method of estunatmg total coronary blood flow However, if coronary 
artenal pressure falls relative to nght mtraventncular pressure, the gradient of 
pressure between the coronary vascular bed and the ventncular lumen may 
be reversed Then the ventncular muscle may receive part of its blood supply 
from the ventncular lumen, and the measured coronary artenal inflow will 
underestimate total coronary blood flow (122) 

To determme the responses of the mtact animal, the coronary flow must 
be measured in situ This may be accomplished most accurately by measuring 
artenal inflow The heart of the mtact animal is under complex humoral and 
nervous controls In the analysis of the factors which determme the volume of 
coronary flow m the mtact ammal, the heart-lung preparation, fiist used for the 
study of the coronary circulation by Markwalder and Starlmg (142), is mvalu- 
able The effect on coronary flow of changes m cardiac output, aortic pressure 
mtra-auncular and mtraventncular pressure, heart rate and the physical and 
cheimcal properties of the perfusmg flmd may be studied mdependently The 
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coronary artenes may be perfused by the pu^tile outflow from 
the Sal branches may be cannulated and the coronary artenes 
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Fio 1 Modified Langondorff preparation for pcrfUBing isolated fibnllatmg dog heart 
with defibrinnted dog blood Blood la propelled by a pump into tho graduated reservoir 
whence, under constant temperature (36 to 37 C ) and constant preasura of 100 mm Hg or 
more from the air tank it flows into the coronary artenes via tho aorta The mominato 
and subclavian artenes and the largo systenuo veir^supenor (S v C ), inferior venae 
cAvae (I V C ) and asygoa vcm (V*Ai ) are tied off The coronary outflow from the sinus 
(CB ) and TbebiBian channels Into the right heart is collected from a cannula in the left 
pulmonary artery (P) In a graduated cylinder and the flow timed with a stopwatifli, the 
ri^t pulmonary artery and lunra bem^ied off A cannula (V) inserted Into tho left ven 
tncular cavity serves as a drain for any Tbebesiaii channels emptying into this chamber and 
as on Indicator of tho competence of tho aortio valves All blood collected is returned, 
after aeration, to the reservoir feeding into tho pump 

Katz, L N , Lindveb, E , Wbinstbik, W , Adhamsow, D I and Joenuf, K Effects 
of Various Drugs on tho Coronary Cixomalion of tho Donervated Isolated Heart of the 
Dog and Cat Arch Int do Pharmacodynamle ot do Thcrapie 69 399 (193S) Figure I 
page 402 Modifled Langendorff preparation * 


constant pressure In the heart-lung preparation, coronary blood flow may be 
dotenmned by measurmg arterial inflow or, with much less accuracy, coronary 
smua outfiotv 




290 


OSCAB D. EATNOFF AND MILTON PLOTZ 


/ 

The isolated heart is most suitable for the study of the effect of drugs on the 
cahber of the coronary vessels Katz and his collaborators (126) use a mod- 
ification of Langendorff’s preparation (132) m which the coronary arteries are 
perfused through the aorta, the aortic valves preventmg regurgitation of the 
perfusmg fluid mto the left ventricle Others have cannulated and perfused the 
coronary arteries directly (106, 123) The coronary arteries may be perfused at 
either a constant or a pulsatile pressure (47) provided by a second heart The 
latter more closely duphcates physiologic conditions but mtroduces another 
variable mto the experiment Blood flow is usually determmed by measurmg 
pulmonary arterial outflow The pulmonary artery is open to the air so that the 
nght ventncle meets no resistance m ejectmg blood The heart therefore per- 
forms no work m the expulsion of blood from the ventncle 

The importance of the composition of the perfusmg flmd cannot be over 
emphasized The coronary flow is affected by such physical properties of the 
perfusmg flmd as temperature and viscosity as well as by its chemical compo- 
sition It IS axiomatic that the closer the composition of the perfusmg flmd 
approximates normal blood, the more hkely wfll the results be apphcable to the 
mtact ammal 

Finally, whether the heart is beatmg, qmescent, or fibnllatmg is of great 
importance The beatmg heart is closest to the physiologic state However, 
ventncular contraction senously mterferes with the mterpretation of the action 
of a drug upon the coronary circulation Thus, a decrease m coronary flow may 
be due either to vasoconstnction or to mcreased vigor of the heart beat, the 
latter mcreasmg extravascular resistance to flow (2) In some studies this 
difificulty was avoided by stoppmg the heart chemically (106) For example, the 
heart has been perfused with non-oiorgenated sodium chlonde solution (207) 
As Katz and his associates (126) pomted out the perfusates themselves may alter 
the responses of the coronary vessels However, when the heart is set mto 
fibrillation, the ventricles no longer compress the coronary vessels rhythmically , 
changes m extravascular resistance are eliminated without changmg the chemical 
composition of the perfusate 

NORMAL CORONABT BLOOD FLOW 

Total Coronary Blood Flow The total blood flow through the coronary 
vessels may be determmed directly by measurmg coronary arterial mflow or 
pulmonary arterial outflow, or less accmately, by measurmg coronary smus 
outflow It has also been calculated mdirectly from an estimation of the 
work of the heart, the amount of oxygen required to perform this work, 
and the arteno-venous oxygen difference (111) all data difiScult to obtam ac- 
curately Although none of these methods is entirely satisfactory, under 
normal circulatory conditions measurement of coronary artenal mflow is most 
accurate Values for the total coronary flow denved from studies of the isolated 
heart or heart-lung preparation must be viewed most cnticaUy, smce these prep- 
arations are removed from normal nervous and humoral control and mtraventric- 
ular pressure relationships are disturbed, particularly when ventncular fibril- 
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lation ifl present 'With currently available techniques, the most accurate 
method of estimatmg total coronary blood flow would be to measure coronary 
arterial inflow m the mtact and preferably unanesthetized animal 

As might be predicted from the diversity of techmques employed, estimates of 
total coronary blood flow through the qmetly beating heart vary widely (210) 
Because of the relative accuracy of the methods used, the results of certam ex- 
periments seem more reliable Evans and Starhng (47) measured coronary smus 
and pulmonary arterial outflow m the denervated isolated dog heart At per- 
fusion pressures of 100 to 110 mm. of mercury, the total coronary flow was 60 to 
IQO CO per 100 grams of heart per mmute Essex, Hemok, Baldes and Mann 
(40) reported a somewhat wider range of values for the coronary arterial inflow 
of the tramed, imanesthetmed dog at rest They measured the flow through the 
circumflex branch of the left coronary artery with a thermostromuhr and, as- 
'aummg that thia represented 60 per cent of the total, calculated that total coro- 
nary flow was 76 to 176 cc per 100 grams of heart per mmute' Comparable 
values were reported by Kounts and Smith (131) for the coronary arterial inflow 
of the human heart revived posl mortem They estunated that the coronary 
flow of a 300 gram normal heart perfused at a constant pressure of 80 mm. of 
mercury was 270 to 450 cc per mmute Smee these revived hearts were removed 
from normal nervous and chemical control, these values may be too high, but they 
ate probably of the nght order of magmtude The maximal possible flow has 
been estimated by perfusmg human hearts post mortem with kerosene at a 
pressure of 100 mm. of mercury For normal hearts the maximal possible flow 
IS 3 1 cc per gm of heart per mmute m mdividuals 40 years of age or younger 
but decreases ivith mcreasing age to 1 9 cc per gm of heart m mdividualB over 
60 It must be emphasued that these values were obtamed m a heart no longer 
beatmg and removed from normal chemical and humoral controls (33) 

Normal Dietribution of Coronary Arterial Inflow Studies of the distribution 
of coronary blood flow mdicate that m the dog the right coronary artery receives 
about one fifth of the total inflow and the left the remaining four fifthk These 
values wore reported by Anrep, Blalock and Hammonda (3) who perfused 
the right and the ciroumflex and descendmg branches of the left coronary arteries 
simultaneously at a constant pressure Fifty pef cent of the total blood flow 
went through the circumflex branch and thirty per cent through the anterior 
descendmg branch of the left coronary artery Katz, Jochim and Weinstem 
(123) obtamed smiilar results m the isolated, fibnllatmg dog heart, observmg that 
the nght coronary artery earned, on the average, 18 per cent of the total blood 
flow, the left circumflex branch 48 per cent, and the left antenor descendmg 
branch, 41 per cent, the total of 105 per cent was attnbuted either to exper- 
imental error or to the presence of functional collateral vessels m some prepa- 
rations These data were corroborated m the mtact animnl by W4gna and his 
associates (205) who measured coronary flow m the anesthetized dog’s heart 
in stiu with a thermostromuhr They reported that the flow through the cir- 
emnflex branch of the left coronary artery averaged 2 7 tunes the flow through 
tte nght coronary artery, approximately the same ratio observed by Anrep 
We are not familiar with comparable studies on the human heart 
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FACTORS AFFECTINQ CORONARY FLOW 

Numerous studies have been made to determme how the coronary circulation 
adapts itself to changmg needs The rate of blood flow through the coronary 
arteries is a resultant of several variables (122) Coronary blood flow depends 
directly upon the dnvmg force of aortic piessure at the mouths of the coronary 
arteries Flow is opposed by the resistance offered by the coronary venous plea- 
sure, by the viscosity of the blood itself, and by the smaller coronary vessels 
The cahber of these vessels may be changed actively by changes m the vasomotor 
tone of the blood vessels or the chenucal composition of the blood (2) , or pas- 
sively as the extravascular suppoit offered to the mtramural vessels by the 
cardiac muscle vanes durmg systole and diastole 

Coronary Arterial Blood Pressure The blood flow through the coronary ves- 
sels is dependent directly upon the blood pressure at the root of the aorta 
Measurmg coronary smus outflow, Markwalder and Starhng (142) demonstrated 
. this m the dog heart-lung preparation It has been confirmed repeatedly m the 
mtact animal (68), the heart-lung preparation (107) and the perfused heart 
(131) as well as m revived human hearts (2, 131) 

In the mtact ammal, the pressure transmitted to the coronary vessels is not 
constant but pulsates, nsmg durmg systole and falhng durmg diastole Wiggers 
(210) has emphasized that coronary flow is not necessarily proportional to 
arithmetic mean blood pressure Durmg systole the forward flow of blood 
through the coronary vessels is impeded, particularly m the left ventncle, by 
compiession of the mtramural vessels produced by the contraction of the ventnc- 
ular muscle Smith, Miller and Graber (179), who measured coronaiy smus 
outflow, thought coronary flow depended upon the diastohc level of blood 
pressure Anrep (2) pomted out that this is substantially true if one means by 
diastohc pressure the average of the moment to moment variation m pressure 
throughout diastole Actually, arithmetic mean blood pressure is a fairly good 
mdex of coronary flow, though Green and Gregg (68) observed that m the dog, 
coronary arterial flow, as measured with an orifice plate meter, rose pioportion- 
ately less than mean blood pressure 

Coronary Venous Pressure If systemic venous pressure or nght auricular 
pressure is elevated, one would expect a 'pnon that the mcreased piessure would 
be transmitted to the coronary veins which empty mto the nght auncle, and that 
the resultant mcrease m coronary venous pressure would deerease coronary 
arterial inflow Therefore, m mitral stenosis and m so-called right heart failure, 
the mcreased light auncular pressure might result m a decrease m coronary 
arterial inflow 

The influence of elevation of venous and nght auncular pressures on coronary 
blood flow IS difficult to study An approach to the problem may be made 
by studmg the effect of hgation of the coronary venous drainage on coronary 
blood flow Repeated experiments on the heart in situ (80, 92) have shown that 
hgation of the coronaiy smus or great coronary vem of the dog, which results m 
an mcrease m coronary venous pressure proximal to the hgature, is followed by 
a decrease m coronary arterial infl ow The decrease m flow occurs pnncipally 
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m the left coronary artery, flow through the right being affected ahghtly if at all 
(92), both systoho and dmstohc flows are decreased (80) In other words, as 
resistance to flow increases, coronary arterial inflow decreases 
When the coronary sinus or a largo coronary vein is ligated, venous blood is 
diverted to other coronary vems and the Thebesian vessels This limits the 
decrease m coronary arterial mflow m axpenmento m which one of these vessels 
IS hgated (2, 160) This is also true to some extent m the heart-lung preparation 
m which n^t auricular pressure is elevated (2) Recent evidence emphasizes 
the unportance of drainage through coronary vems other than the coronary 
smus (97) This suggests that an mcrease m right auncular pressure m acute 
axpenments restricts coronary arterial inflow more than is mdicated by axper- 
imenta m which the coronary smus alone is hgated However this may be 
amehorated somewhat m the mtaot animal, for m the innervated heart-lung 
preparation an elevation of nght auncular pressure is accompamed by reflex 
coronary vasodilation (63) 

When the coronary smus of the dog heart is hgated, the left ventncle shows 
TnnTlrcfl venous congestion compared with the right, which remains relatively 
pink (82) This hgation performed tn sUu is not lethal and withm 30 da}^ 
penpheral venous and arterial pressures return almost to normal (190) 

One might conclude that elevation of right auncular pressure such as occurs m 
mitral stenosis and congestive heart failure is accompamed by decreased coronary 
arterial flow However, this is amehorated to some degree by redistnbution 
of venous drainage through such channels as the Thebesian veins, and perhaps 
by reflex coronary vasodilation os well As a result, it may be that coronary 
arterial flow does not decrease early m the course of these syndromes. 

Heart Rate The influence of heart rate on coronary blood flow has not been 
defined clearly As Gregg (78) pomted out, one would predict that as heart 
rate mcreases, the imnute volume of coronaiy flow would decrease As heart 
rate mcreases, the duration of systole is moreased relative to diastole Smee 
ventncular contraction mcreases penpheral resistance to flow, coronaiy flow 
during systole is less than dunng diastole The mmute volume of coronary 
flow should therefore decrease as heart rate mcreases and a greater proportion of 
each mmute is occupied by systole 

To determine the effect of heart rate upon mmute flow, the true mean per 
fusion pressure must be mamtamed constant (2) This la because at very slow 
heart rates not only is diastoho blood pressure low, but the length of diastole is so 
increased that true mean blood pressure is lower than would be predicted by 
averagmg erystoho and diastohc pressure anthmetically The preparation should 
bo denervated to ehmmate confusmg reflex effects Preferably the heart rate 
should bo controUed by electno stunulation If the heart rate is changed chemi- 
cally or by altermg the temperature of the perfusion fluid or the smo-auncular 
node, these stimuh may affect the cahbet of the blood vessels or the strength of 
ventncular contraction directly 

Reports of the mfluence of heart rate on coronaiy blood flow seem to reflect 
the range of rate studied When rates are slower than the usual phymologio 
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lage, coronary flow increases as heart rate increases Thus Hausner and his 
isociates (107) observed that in the dog heart-lung preparation, increasing heart 
Lte from 32 to 71 beats per minute by electee stimulation mcreased coronary 
rtenal inflow from 70 to 250 cc per mmute as measured with a thermostromuhr 
Through the middle physiologic range, alterations m heart rate are without 
liable effect on coronary blood flow m the dog or rabbit, whether measured m 
le isolated heart or heart-lung preparation (7, 8, 9, 106, 113, 122) In the 
tact dog, on the other hand, acceleration from 68 to 116 beats per mmute was 
jcompamed by a shght fall m mmute coronaiy blood flow (77) Smee the heart 
as innervated m these experiments, reflex changes may have occured 
At more rapid yet still physiologic rates, mmute coronary blood flow falls, as 
le relative duration of systole mcreases (2) Thus, coronary outflow from the 
ght side of the isolated rabbit heart decreased when the heart rate was elevated 
) 180 beats per minute, not a remarkably rapid rate for the species (106) 
m i liar results have been reported for the dog heart-lung preparation (7) 

In the human heart revived pos^ mortem, coronary blood flow decreased when 
le heart rate was accelerated by atropme, and mcreased when the heart rate was 
screased by pilocarpme (130) Unfortunately the range of heart rates studied 
as not reported 

In general, then, the effect of heart rate on the coronary blood flow of the 
enervated heart depends upon the range of rate studied At slow rates, ac- 
fleration mcreases coronary blood flow At middle rates, alterations m heart 
ite are without effect on coronary blood flow At rapid rates, an mcrease in 
eart rate decreases coronary flow These changes are apparently modified 
jflexly m the mtact animal None the less, m the tachycardias encountered 
imicaUy, impairment of coronary blood flow occurs In patients subject to 
ngma peetons, auricular or ventncular paroxysmal tachycardia readily m- 
uces pam provided the ventncular rate is 150 or higher (213) 

Temperature Relatively few studies have been made to detenmne the in- 
uence of the temperature of the perfusmg flmd upon coronary blood flow If 
iolated steps of medium-sized coronary artenes are warmed from 18° to 37 5°C , 
bey constnet, and if the temperature is further elevated to 45°C , they relax 
28) The results of early experimental studies with isolated heart and heart- 
mg preparations were confused because changes m heart rate mduced by the 
hanges m temperature were not controlled (172, 154) When heart rate is 
ept constant, howevei, decreasmg the temperature of the perfusmg flmd 
elow 39°C mcreases the coronary blood flow of both the dog heart-lung prepa- 
ation (3, 7) and the isolated human heart revived post mortem (129) That is, 
iwenng the temperature of the perfusion flmd mcreases coronary blood flow, 
n effect apparently due at least m part to coronary vasodilation These ex- 
lenments mdicate the importance of mamtaimng the perfusion flmd at a con- 
tant temperature m studies of the coronary circulation However, m the mtact 
nimal an mcrease m temperature is apparently of httle importance Dia- 
hermy over the precordial region sufl&cient to raise the temperature of the nght 
'entncle of the dog from 96 2 to 104°F was without significant effect on coronary 
mus outflow (143) 
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Blood YticosUy The viEcoaty of the blood is a measure of the reastance to 
flow offered by the blood itself as a result of its mtemol fnotion In most 
oxpenmeutal studies of the coronary circulation, the vessels have been perfus^ 
with solutions of electrolytes, sometunes fortified with red blood colls, in rel- 
aUvely few has the perfusate been blood Changes m the viscosity of the 
perfusing flmd however maj alter seriously the volume of coronary blood flow 
The importance of blood viscosity m determmmg coronary flow was studied by 
Gregg and Green (87) who measi^ coronary artennl flow with a constant pres- 
sure flow meter When the heart was perfused with Locke’s solution which is 
one fourth as viscous as whole blood, the mmute volume of coronary flow was 
3 to 4 tnmPH greater compared with perfusion of whole blood The mcreased 
flow with Locke’s solution occurred both m systole and diastole and presumably 
was due to the low viscosity, though slight nnona may have been a contnbutmg 
factor 

As Bazott (13) pomted out, changes m blood viscosity may be of considerable 
pliniptil importance When the coronary artencs are partially narrow as by 
atherosclerosia, sudden changes m blood viscosity such as may occur m shock 
reduce coronary flow, and this may be responsible m part for the frequency of 
post-operative myocardial infarction 

Atwxta, Atphyxta and Hypercapnia The chemical composition of the blood 
13 of great importance m determining the volume of coronary flow Particular 
attention has been paid m the hterature to the influence of the respiratory gases 
Anoxia causes a profound mcrease m coronary blood flow This has been ob- 
served m the mtact anesthetized dog m which coronary arterinl inflow was 
measured with an orifice plate meter (70) as well as m the isolated fibnllatmg 
dog heart (124), the dog heart-lung preparation (113) and the isolated rabbit 
heart (106) The anoxia was mduced either by lowering the oxygen content of 
the coronary arterial blood or by preventmg the utilization of axygen by m- 
jection of sodium oyamde In the dog heart-lung preparation (113) manmnl 
dilation of the ceronary blood vessels was reached when the arterial saturation 
fell to 20 per cent of normal, and m the mtact animal, when the oxygen content 
of the inspired air fell from 21 to 7 per cent, a concentration at which the arterial 
blood IS approxunately 60 per cent saturated with oxygen 
Asphyxia, m which the carbon dioxide content of the blood mcreases and the 
oxygen content decreases simultaneously, is also accompamed by a great mcrease 
m coronary flow (70, 98) In the anesthetized but otherwise mtact dog the 
mcreased flow is observed durmg both systole and diastole and precedes the m- 
crease m aortic pressure and decrease m heart rate which also occur The m- 
crease m blood flow m asphyxia is probably primarily the result of anoxia rather 
than of the mcreased carbon dioxide content of the blood. In the isolated human 
heart revived post mortem (130) and the dog heart-lung preparation (113, 142) 
an mcrease m carbon dioxide content of the perfusion flmd moderately mcreases 
coronary blood flow In the mtact dog, however, the addition of 6 to 8 per cent 
carbon dioxide to the inspired air until slowmg of the heart, premature systoles 
and a decline in aortic pressure occurred was without significant effect on coro- 
nary arterial inflow, measured by the orifice plate meter (70) Possibly m the 
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intact animal, reflexes prevent the mcrease m coronary blood-flow with hyper- 
capnia The coionary vasodilation observed with hypercapnia m the isolated 
heart or heait-lung preparation may be due to an mcrease m the hydrogen ion 
concentration of the perfusate, which of itself will mcrease coronary blood 
flow (37, 113) In the mtact animal, the blood buffers may prevent any signif- 
icant shift m blood hydrogen ion concentration 
The mechanism by which asphyxia and anoxia mcrease coronary blood flow 
IS not clear Presumably metabohtes accumulate as the result of failme of aero- 
bic oxidation (142), but the nature of these substances is unknown Greene 
(76) has reviewed the effects of various tissue extracts, all of which lower arterial 
blood pressure and mcrease coronary blood flow Adenosme, ademne and ade- 
nyhc acid, breakdown products of nucleic acids, mcreased the coronary blood 
flow of the isolated dog (210), rabbit (200) and cat (201) heart, the human heart- 
lung preparation (2), and the anesthetized (203) and unanesthetized (46) mtact 
dog’s heart in siiu These metabohtes, chemically related to the xanthmes, 
presumably cause vasodilation (75) In addition, m the mtact animal such 
extravascular effects as weakenmg of the ventncular-contraction and changes m 
heart rate and blood pressure may contribute to the mcreased flow 
In summary, asphyxia results m a profound mcrease m coronary blood flow 
Anoxia is probably the primary element causmg this mcrease, with hypercapnia 
playmg a minor r61e The mechanism of the mcrease m blood flow is not clear, 
but may be related to the accumulation of metabohtes which cause vasodilation, 
as well as to changes m the strength of ventncular contraction, the heart rate and 
blood pressure 

Cardiac Output In the denervated heart, coronary blood flow is mdependent 
of changes m the total cardiac output as long as heart rate and true mean arterial 
pressure are constant First demonstrated m the dog heart-lung preparation 
by Markwalder and Starhng (142), this has been confirmed repeatedly by 
measurmg coronary smus outflow (9, 113, 154) or coronary arterial inflow (107) 
That IS, coronary blood flow is unchanged by alterations m cardiac output as 
long as the resistance against which the ventricles contract is unaltered As we 
shall see, reflexes modify this m the normally innervated heart 

Extravascular Pressure Repeated reference has been made to the resistance 
to coronary flow offered by the contractmg ventricular muscle A pnon, the pres- 
sure developed durmg systole withm the layer of muscle closest to the ventncular 
cavity should be greater than that withm the lumen Smce left mtraventncular 
pressure is considerably highei than nght, left mtramyocardial pressure should 
likewise be higher thn.n nght The artenal supply to both ventncles is denved 
from the aorta, and the blood reaches each ventricle at a httle less than aortic pres- 
sure Therefore, relative to mtramyocardial pressure, the artenal pressure with- 
m the nght ventncle should be higher than withm the left, and dunng systole the 
blood should meet more resistance to flow m the left than the nght heart 
The actual force developed by the contractmg muscle is difficult to measure 
Gregg, Eckstem and Fmeberg (85) reported that the systohc mtramyocardial 
pressure of the left ventncle exceeded by a small amount the simultaneously 
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recorded mtraventncukr pressure However, they themselves were dissatmfied 
with their techmque (84, 86) Johnson and DiPalma (118) demonstrated that 
the pressure exerted on the mtramyocardial vessels dunng systole vanes at 
different depths withm the ventneular wall The extravasoular pressure ex- 
erted upon an artery deeply imbedded within the ventneular muscle is much 
greater than that upon a superficial vesseL This is most unportant m mter- 
pretmg studies of variation m coronary flow dunng the cardiac cycle 
Although measurement of mtramyocardial pressure is difficult, the pressure 
withm the ventneular cavities may serve as a rough mdex Anrep and Hausler 
(6) measured coronary blood flow m the dog heart-lung preparation m which the 
coronary arteries were jierfused at a constant pressure Elevation of aorbo 
pressure, and therefore presumably of left mbaventncular and mtramyocardial 
pressure as well, was accompamed by a decrease m coronary blood flow The 
flee reuse occurred entirely during systole In other words, as the resistance 
offered by extravascular muscular contracbon mcreases, coronary arterial flow 
decreases The converse is likewise true, a decrease m myocardial extravascular 
resistance is accompanied by an increased coronary arterinl inflow This has 
been confirmed by Katz, Jochim and Bohmng (122) m the dog heart-lung 
preparation and isolated heart As Gregg and Shipley (06) emphasized recently, 
these studies were made on denervated preparabons In the mtact animal 
there are reflexes which oppose this paradoxical decrease m blood supply as the 
work of the heart mcreases 


■When ventneular fibrUlaixon occurs, mbaventncular and presumably - m- 
tramyocardial pressure fall to zero As might be predicted, smee extra-vascular 
penpheral resistance is sharply reduced, ventneular fibnllabon is accompamed 
by an mcrease m coronary flow (7, 106, 113) Auricular fibnUalwn is apparenUy 
without effect on coronary blood flow (2) except m so far as changes m the rate 
and strength of ventneular contraction occur (7, 148) 


Change m Coronary Flow dunng the Cardiac Cycle The blood supply to the 
ventneular muscle vanes from moment to moment throughout the i^nrfUnn 
cycle This vanabon m flow has been thq subject of mtenave study, the results 
of which have been reviewed ably by Anrep (2), "Wiggers (210) and Gregg (78) 
The blood flow through the coronary capillaries themselves has not yet been 
measured duectly Instead the pattern of flow through the ventneular muscle 
has been mferred from studies of the phasic vanabon of arterial mflow 
and venous outflow dunng the cardiac cycle Apparently arterial mflow is a 
more accurate mdex of mtramural flow than venous outflow, though certam 
difficulbes are inherent m its measurement Dunng diastole, the elastic recod 
of the larger artenes tends to mcrease mtramural flow, but at the same bme the 
flow measured m the artery decreases The more distolly flow is measured 
the less important this effect becomes Moreover, measurement of the phasic 
variation m arterial inflow does not take mto account differences m penpheral 
resis^ce among the smaUer coronary vessels Those on the surface of the 
heart are subjected to relatively httlo external pressure so that systohe blood 
flow 13 not sharply impeded. On the other hand, the mtramural vessels are 



298 


OSCAB D RATNOFF AND MILTON PLOTZ 


compressed by ventncular systole to a vaiymg degree depending upon their 
depth withm the muscle (118) However, the arterial inflow actually measured 
is the sum of the flows mto both superficial and deep vessels 
The first modem studies of phasic vanation m coronary flow were made by 
Anrep, Cruickshank, Downmg and Rau (4) who measured coronary inflow and 
outflow with a hot wire anemometer In this apparatus a wire of low heat 
capacity is set mto the neck of a perfusion bottle and its temperature is raised to 
a dull red heat Because of its low heat capacity, the wire is cooled very rapidly 
by small currents of air Changes m temperature of the wire change its electrical 




Fig 2 The relation of coronary outflow and inflow to other events of the cardiac cycle 
The augmentation of outflow and infl ow are shown m both cases by a rise of the curve 
Anbep, G V , CBincKBHANK, E W H , Downing, A C and Subba Rav, A The 
Coronary Circulation m Relation to the Cardiac Cycle Heart, 14, 111 (1927) Figure 4, 
The relation of coronary outflow and mflow to the other events of the cardiac cycle 

resistance The hot wire is one arm of a Wheatstone bndge, and the changes m 
resistance are recorded by a strmg galvanometer As blood flows out of the 
perfusion bottle, air enters through the neck, coohng the hot wire Thus the 
amount of blood leavmg the bottle can be detennmed accurately with an error 
of only 2 to 6 per cent The apparatus can be used equally well to determine 
coronary outflow, the displaced au coohng the wue as the bottle fills The hot 
wire anemometer can measure rapid changes m flow, though a shght lag occurs 
for which correction must be made However, as Anrep pomted out, “hot wire 
registrations cannot be used when the flow vanes m both duections smce in 
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■whatever direction the air current proceeds the cooling of the hot vme will 
be registered by a deflection of the galvanometer in the same direction (4) 
Anrep and his collaborators (4. 0) studied phasio variation m coronary arterial 
inflow m the dog heart-hmg preparation The coronary artenes were perfused 
through the aorta at a constant pressure mamtamed at a higher level than mtra- 
ventncular pressure (Fig 2) Dunng systole, mflow dim i ni shed rapidly, reach^ 
mg a minim um when ventricular contraction was strongest, at the end of the 
ejection phase just bdfore the dicrotic notch. In early diastole, coronary inflow 
mcreased, rapidly at first and then slowly, reachmg a ma x i m um at the end of 
diastole When the heart beat was weak, the flow remamed maximal through- 
out the isometric contraction phase of early systole, but when the beat was 
strong, dumnution m flow began dunng the isometno phase When ventncular 
contractions were strong, as would occur when the aortic pressure was high, the 
systohc dumnution m flow was considerable In the left ventncle a strong con- 
traction sometimes completely arrested arterial mflow and when adrenahn was 
given, back flow mto the perfusion bottle sometunes occurred When ventncu- 
lar contraction was weak, as with low aortic pressures, systohc flow was con- 
siderably higher Green and Gregg (67) have confirmed these expenmonts for 
the most part for the dog heart tn atlu m which the ramus descendens of the left 
coronary artery was perfused at a constant pressure shghtly less than aortic 
systohc pressure However, m none of the experiments which they reported 
was the forward flow of blood completely arrested dunng systole 
In these experiments the coronary artenes were perfused at a constant pressure 
Normally, however, the coronary artenes receive a pulsatile mflow from the 
aorta. Anrep, Davis and Volhard (6) mvestigated coronary arterial inflow m 
the dog heart-lung preparation m which the coronary artenes were perfused by 
a pulsatilo aortio pressure The blood was conducted through a narrow glass 
tube inserted between the aorta and coronary artenes The coronary flow was 
measured by photographmg the movements of a mercury drop contamed m the 
tube, a time lag of 0 02 seconds was present m their records Dunng aj stole, as 
aortio pressure rose, on imtial moreaso m coronary flow was observed Before 
the end of systole, coronary flow diminished and even stopped Dunng diastole, 
08 the ventncle relaxed and aortic pressure fell, coronary arterial flow mcreased 
progressively Dunng the latter part of diastole, however, arterial flow some- 
times d iminis hed with a further fall m aortic pressure 
Thus, when the coronary artenes are perfused at a pulsatile pressure, two major 
forward movements of blood occur, one early m systole and one dunng diastole 
This hod been predicted in 1872 by Itcbatcl (106) who observed tho flow in the 
nght coronary artery of the horse Anrep and his collaborators were careful to 
pomt out that tho fonvard movement of blood at tho mouth of tho coronary 
artenes need not bo accompanied by a simultaneous forward movement through 
tlm coronary MpiUanes Dunng tho systohc nso m aortic pressure, tho coronary 
artenes are dilated as a result of their inherent elasticity In this wav the 
coronary artenes accommodate a largo portion of tho blood pumped mto them 
dunng systole, so that measurement of blood flow at tho mouth of tho coronaiy 
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artenes over-estimates the blood flow through the coronary capillaries Durmg 
diastole, on the other hand, the elastic recoil of the coionary arteries piopels the 
blood stored durmg systole Intramural flow dm mg diastole, therefore, is 
greater than that measured at the coronary orifice (5, 210) 

The results of these studies of phasic variation m coronary blood flow have 
been confirmed m the mtact dog by Machella and by Gregg and Green Ma- 
chella (140) measured coionary flow by msertmg a hot wire directly mto the an- 
terior descendmg branch of the left coronary arteiy As cdronary flow changed, 
the temperature of the wire and therefore its resistance changed Gregg and 
Green (86, 88) used an optically recordmg “onfice plate metei”, descnbed on page 
4 They observed that m the left coronary arteiy, inflow diminished abruptly 
durmg isometnc contraction and the direction of flow might actually momentarily 
reverse The flow then accelerated durmg the rise of aortic pressure, reachmg a 
peak durmg the middle of the nse It then dechned to a more or less constant 
rate of inflow durmg the latter part of systole With the onset of isometnc 
relaxation, coronary flow agam mcreased, became maximal durmg imd-diastole, 
and then dechned as the aortic pressure fell 
Mention should be made of another method of stud3ung phasic vanations m 
coronary flow used extensively by Wiggers, Gregg and Green (69, 89, 209) 
They argued that the changes m flow from moment to moment are due to dif- 
ferences m pressure between the central and penpheral ends of the coronary 
artenes They therefore measured mtramural flow by companng the pressure 
at the central and distal ends of the artenes This method assumed that a hnear 
relationship exists between the difference m pressure and blood flow, and that 
the capacity of the vascular bed is unchanged durmg systole and diastole (78) 
Neither of these assumptions is correct Gregg and Green (67, 88) have shown 
that a greater flow results from each millimeter of differential pressure dunng 
diastole than dunng systole Amd, as was pomted out before, the capacity of the 
coronary vessels is greater durmg systole than durmg diastole because of the 
elasticity of the artenes Techmcally difficult, the differential pressure method 
IS not an adequate measure of coronary blood flow (93), yet its development 
was an important step m the study of cardiac physiology 

The flow through the nglit coronary artery is impeded by ventncular systole 
far less than through the left The force of nght ventncular contraction is 
much weaker than left Therefore one would expect far less extravascular 
compression of the coronary vessels, and therefore less restnction of flow m the 
nght compared with the left coronary artery (4) That this is actually the case 
was reported by Gregg (79) who used the techmque of comparmg central and 
penpheral coronary pressures Gregg and Rotta (94) confirmed these ex- 
periments with the more accurate orifice plate meter Coronary flow is re- 
stncted to only a shght degree by nght ventncular systole Right coronary 
arterial flow dunng systole is equal to or greater than that of an equivalent time 
mterval of diastole, though total diastohc flow is greater than total systohc flow 
Variations m the outflow of the coronary veins durmg the cardiac cycle have 
not been studied extensively Porter (117) reported that the pnncipal blood 
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ow from an incased coronary vein ma during systole Langendorff (133) de- 
nibed the outflow from the coronary smus of the isolated perfused cat heart 
Hood flowed only during ventricular systole, and none dunng diastole or aunc- 
lar systole Langendorff believed that blood flowed from the coronaiy smus 
s if it were squeezed from the heart by ventncular contmotion Anrep, Cruick- 
Vinnk, Dowmng and Enu (4) confirmed and extended these earher obscrvationB 
[hey measured phaao flow from the coronary smus of a dog heart-lung ptep- 
iration with a hot wire anemometer A measurable outflow from the coronary 
onus was present throughout the cardiac cycle Three waves of mcreased flow 
were observed dunng systole The first small wave occurred during auncular 
systole and was mterpreted as due to auncular contraction, smce it was not 
present m auncular fibrillation The second small wave appeared dunng iso- 
metnc ventncular contraction The last large wave appeared at the begmmng 
of ventncular ejection Anrep and his associates mterpreted this big mcrement 
of coronary flow as Porter and Langendorff had, ventncular systole compressed 
the coronoty vessels and forced blood from the coronary smus. 

More recently Johnson and Wiggers (119) restudied the phasic vnnatioiiB m 
coronary sinus outflow They reported m contradiction to Anrep that coronary 
smus outflow occurred only dunng ventncular systole The reason for the 
difference m results is not obvious, but the preparations were grossly different 
Anrep used a dog heart-lung preparation m which coronary smus outflow was led 
mto a bottle and measured with a hot wire anemometer Johnson and Wiggers 
studied the dog heart tn ulu, coronaiy smus outflow was measured with a 
differential pressure manometer and the blood led through a tube directly into 
the supenot vena cava 

To summante, coronary arterial inflow is impeded at the end of systole by the 
resistance offered by the contractmg ventncular muscle The flow then m- 
creascs dunng diastole as extravascular compression is removed, decrcasmg 
agam dunng late diastole as aortia pressure falls Coronary artenal inflow m- 
cteasea agam dunng early systole os the aortic pressure rises Smce the con- 
traction of the left ventnole is stronger than that of the right, tho sjstohc de- 
crease m coronary flow m the left ventnelo is much greater than in the nght, and 
if ventncular contraction is extraordmanl> strong, left coronary artenal flow 
may actually cease at the end of systole Actual measurements of flow through 
tho coronary capillanes have not been made Because of the elasticity of the 
coronary arteries, flow measured in the arteries is apparently greater dunng 
diastole than that through the coronary capillanes. Coronary smus outflow is 
maxinml dunng ventncular contraction and is sharply reduced or ceases dunng 
diastole ° 

The Coronary Venous Return The blood which flows througli the coronary 
capillanes con return to the ventncular cavities through three routes Tho 
coronaiy capillanes jom together to form a number of superficial \enoua trunks 
mo mMt promment of which mute to form the coronaiy smus which empties mto 
tho light auricle. Other veins jom to form smaller superficial cardiac vems which 
empties mto tho nght auncle Still other capillanes commumcate directly with 
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the ventricular cavities, particularly the right, through small Thebesian veins 
and smusoidal vessels 

The physiology of coronary venous return has been reviewed recently by 
Gregg, Shipley and Bidder (97) At first the coronary smus was thought to 
dram the entire coronaiy blood flow (152) Later it was recogmzed that the 
coronary smus dramed only a pojction of the flow In general the major poition 
of left ventricular flow diams through the coronary smus, whereas the major 
portion of right ventricular flow reaches the cardiac lumen through other chan- 
nels Anrep, Blalock and Hammouda (3) studied the distribution of coronary 
venous flow m the dog heart-lung preparation Perfusmg each coronary artery 
separately at a constant pressure, they measured coronary smus outflow as each 
coronary artery was clamped m turn Approximately two thirds of the blood 
flowmg through the branches of the left coronary artery, but only one third of the 
blood flowmg through the right coronary artery was collected by the coronary 
smus Katz, Jochim and Wemstem (123), studymg coronaiy venous flow m 
the isolated, fibrillatmg dog heart reported much greater variation than Anrep 
and his collaborators m the proportion of blood from each artery dramed by the 
coronary smus In different preparations, 12 to 70 per cent of left circumflex 
aiterial flow and 25 to 65 per cent of the flow through the left antenor descendmg 
branch dramed through the coronary smus None or at most 7 per cent of 
right coronary artenal flow dramed through the coronary smus However, as 
Katz, Jochim and Wemstem pomted out, these data are not to be construed to 
mdicate the proportions normally existmg In the fibnUatmg preparation m- 
traventncular pressure is reduced to zero so that the normal systohc resistance to 
flow through accessory venous channels is absent 

Early studies seemed to mdicate that coionary smus outflow is a constant 
fraction of total coronary outflow Evans and Starhng (47) compared the out- 
flow from the coronary smus and from the pulmonary artery m an isolated dog 
heart perfused with blood at a constant pressure The sole source of blood to 
the right auncle and ventncle was the coronary venous system In this prep- 
aration the outflow from the pulmonary artery is the total coronary venous 
drainage except for the small amount dra inin g directly mto the left ventncle 
The ratio of flow from the coronary smus compared with total outflow was 
relatively constant at varymg cardiac outputs, heart rates, and as later shown, 
aortic and coronary perfusion piessures (3) In these experiments, coronary 
smus outflow was approximately 60 per cent of total coronary flow 

More recent data, however, mdicate that under certam conditions the ratio 
between coronary smus outflow and total outflow is not a constant, and therefore 
coronary smus outflow cannot be used as a reliable mdex of total coronary 
venous flow (119, 121) Evidence for this has been reviewed by Moe and 
Wsscher (150), and Jochim (117) The mtraventncular presssure of a fibnl- 
latmg heart is virtually zero The coronary smus outflow of such a fibrillatmg 
heart falls to a small fraction of the total coronary flow (121) Conversely, m 
a beatmg heart, when pulmonary artenal pressure and therefore nght mtraven- 
tncular pressure are elevated, the fraction of the total coronary outflow which 
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drams through the coronary sums mcreaseB (119, 122) Studies by Moe and 
risscher (148) have clanEed this problem They observed that coronary smus 
outflow was an accurate mdex of total coronary outflow when the aortic pressure 
perfusing the coronary arteries was mote than 40 mm Hg higher than pul- 
monary arterial pressure, the relationship normaUy present However, when 
the diflTerence between aortic and pulmonary artennl pressure was reduced to 
less thnn 40 mm. Hg, a relative mcrease m coronary smus outflow occurred 
The coronary venous blood which does not dram through the coronary smus 
IS returned to the cardiac lumen through several paths These include the 
mnnilpr cardwo vcuiB which enter the nght auricle mdependent of the coronary 
smus, and the small arteno-lummal vessels and Thebesian veins which connect 
the smaller coronary vessels with the ventncular lumens. These were demon- 
strated by Weam (198, 197, 198) m perfused human hearts post mortem These 
eictra sinus pathways ore pnncipally concerned with the venous return of the 
right ventricle The venous return to the left ventncular cavity through 
accessory vessels is not more than seven (lEl) or ten (123) per cent of the coro- 


nary blood flow 

It has been assumed repeatedly that the major portion of the venous blood 
which does not dram through the coronary smus entered the ventncles through 
Thebesian and arteno-lummal anastomoses The evidence for this was m- 
ferential, the usual procedure was to measure total coronary inflow and sub- 
tract from this coronary smus outflow Recent experiments of Gregg, Shipley 
and Bidder (97) have shed new hght upon this They measured the outflow from 
the antenor cardiac veins of the dog heart »n either with a rotameter or 
directly with a graduate They observed that the major portion of the blood 
from the nght coronary artery drams through the antenor cardiac voins mto the 
right aunole, mdependent of the coronary smus The larger of these antenor 
cardiac veins alone dram 60 to 92 per cent of the nght coronary artennl flow 
These studies do not preclude venous drainage through the Thebesian vessels 
but imply that this is of lesser importance than had been thought previously 
The question arises as to whether the cardiac muscle can be nourished through 
the Thebesian vessels or arteno-lununal smusoids Early evidence scorned to 
support this view Pratt m 1898 (102) demonstrated that blood would flow 
from an moised coronary vem of the isolated cat heart when the sole source of 
blood was the nght ventncular cavity Wlggers (208) mtroduced vanous drugs 
mto the right ventncular lumen of a cat’s heart perused through its coronary 
artenes and observed efteota on the left ventncle similar to those of mtra arten- 
ally mjeoted drugs 


Apparently, however, under normal conditions no blood flows from the ven- 
tncular cavities mto the coronaiy vessels Stella was unable to confirm Wig- 
g^- experiments (181) and found that dye mjected mto the ventncular cavities 
after hgabon of the coronaiy arteries dfd not penetrate the ventncular muscle 
oppreciaby (89) Tl^ experiments were confirmed by Eckstein, Roberts, 
Gregg and Weam (30) They reported that when nght mtraventncular pres- 
sure was leas than left, the nomial relationship, India ink or Bcrlm Blue mjected 
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mto the right ventncular cavity did not penetrate more than a few coronary 
capdlanes and smusoids On the other hand, when right mtraventncular 
pressure rose above left, dye flowed from the right mtraventnculai cavity mto 
the coronary vessels That is, elevation of nght above left mtiaventncular 
pressure reverses the pressure gradient between the coronary arteries and the 
right ventricular cavity, and blood will flow from the nght ventncle mto the 
coronary vessels Thus, Katz, Jochrm and Bohnmg (122) reported that m- 
creased mtraventncular pressure m a cat heart-lung preparation perfused at a 
constant pressure through the coronary artenes mcreased coronary smus outflow 
to 130 per cent of coronary arterial inflow That is, when mtraventncular pres- 
sure rose above the pejrfusmg coronary pressure, blood flowed from the ventncu- 
lar cavities through the cardiac muscle to the coronary smus 

Under normal conditions, therefore, blood does not flow from the ventncular 
cavities mto the coronary vessels When nght mtraventncular pressure rises 
above coronary artenal pressure, retrograde flow from the ventncular cavities 
to the coronary vessels may occur Smce the blood m the nght ventncular 
lumen is deficient m oxygen, it probably does not contnbute materially to the 
nutntion of the cardiac muscle under these conditions 

To summarize, the coronary blood flow returns to the cardiac lumen through 
the coronary smus, the superficial cardiac vems and Thebesian vems and smusoi- 
dal vessels The maj or portion of the blood flow through the left ventncle drams 
through the coronaiy smus, and that of the nght, through the antenor cardiac 
vems mto the right auncle The proportion of blood flow through each of these 
systems, however, vanes considerably Apparently under normal conditions 
only a small amount of blood reaches the cardiac lumen through the Thebesian 
vems and smusoidal vessels Retrograde flow from the right ventncular lumen 
mto the coronary vessels can occur when nght mtraventncular pressure rises 
above coronary artenal pressure, but is probably of no importance smce nght 
ventncular blood is deficient m oxygen 

NBEVOUS CONTBOL OF THE COBONABT CIBCULATION 

The blood vessels of the heart are nchly supphed with nerve fibers Wool- 
lard (214) showed that the larger artenes of the dog, cat, rabbit and gumea pig 
heart are supphed by both sympathetic and parasympathetic fibers m approx- 
imately equal proportions However, the smaller vessels are innervated prm- 
cipally by the parasympathetic system Wiggers (210) reviewed cnticaUy the 
mass of conflictmg hterature on coronary vasomotor control Interpretation of 
many reported experiments is difficult because the techmques used were not 
defimtive Nervous stimulation produces a number of concormtant effects 
The coronary flow may be altered directly by changmg the caliber of the coronary 
vessels, or mdirectly as the result of changes m the strength of ventncular con- 
traction, cardiac rate and blood pressure To differentiate direct from mdirect 
effects, heart rate, the amphtude of cardiac contraction and blood pressure must 
be controlled Conversely, studies on the isolated heart m which these factors 
are ngidly controlled may be misleadmg with regard to the effect of nervous 
stimulation m the mtact animal 



THE COnONART CTnCOIiATION 


306 


An unportant obstacle to the sljudy of vasomotor effects is the difficulty of 
Beparatmg anatomically sympathetic and parasympathetic fibers so that one 
may bo stimulated or cut mdependent of the other The anatomy of these 
autonomio fibers was studied extensively m the dog by Greene (72) The 
parasympathetic fibers to the heart are earned m the cervical vagus nerves The 
sympathetic fibers arise m the upper thoracic spinal cord, traverse the upper 
thoracic ganglia, and synapse ivith post-ganghomc fibers m the supenor, and 
middle cervical gangha and particularly m the stellate gangha, the fusion of the 
infenor cervical and first thoracic gangha Post-ganghomo fibers then travel to 
the heart via the supenor, middle and infenor cardiac nerves In addition, there 
are post-ganghomo sympathetic fibers from the first four to an. thoracic ganglia 
which go directly to the heart (72, 206) Post-ganghomo sympathetic fibers are 
also present m the lower cervical vagus nerves Before they reach the heart, the 
cardiac nerves form a plexus m which differentiation of the vanoua nerve fibers 
IS all but impossible Further, m the dog the vagus and sympathetic nerves 
travel m the same sheath Greene pointed out that at beat only a few rnilh- 
meters of cervical vagus just below the gonghon nodosum are free of sympathetic 
nerve fibers, and a few millimeters of sympathetic nerve below the supenor 
cervical ganghon are free of vagal fibers Nervous connections between the two 
gangha may exist The close anatomic association of sympathetic and par- 
asympathetic fibers makes it most difficult to determme the effects of sympathetic 
and parasympathetic stimulation, a fact frequently overlooked 

Fmally, variations m the effect of nervous stunulation among venous species of 
experimental animal and among mdividuals of the same species must be stressed 
Thus, Greene (72) reported that among dogs, young animals seemed more re- 
active than older animals, particularly to constnotor impulses Therefore care 
must be exercised m transposmg the results of animal axpenmonts to human 
physiology 

Aciwn of Neurohumors To circumvent anatomic difficulties m separatmg 
sympathetic and parasympathetic nerves, the action of the respective neuro- 
humors has been studied extensively However, them use mtroduces new 
difficulties For example, aceiylcholine is boheved to bo parasympathomimebo, 
yet m at least one location, the sweat glands, acetylchohne is apparently the 
sympathebo neurohumor (29) And adrenahn, the sympathomimetic secretion 
of the adrenal medulla, is not identical m action with sympathm, the humoral 
mediator of the sympathetic nervous system (20) Adrenahn has both vaso- 
constnotor and vasodilator properties. Apparently two vanotics of sympathm 
exist, one vasodilator and the other vasoconstrictor Therefore the effect of 
adrenahn on coronary artencs is not necessarily identical with that of sympathetic 
nervous stimulation 


The action of acetylchohne on the coronary blood flow of the isolated fibnl- 
latmg heart perfused at a constant pressure was studied by Kata and his col- 
laboratora (126) An increase or decrease of pulmonary arterial outflow was m- 
terproted as duo to vasodilation or constnotion respectively With this teohmoue 
acetylchohne produced dilation of the coronary vessels of the dog 
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concentrations above 1 820,000 it caused vasoconstriction in the cat, but in more 
dilute solutions, either vasoconstriction or dilation All these effects were 
diminished or abohshed by atropme, which mhibits parasympathetic nervous 
impulses Acetyl-beta-methylchohne (mecholyl), a denvative of acetylcholme 
with a more prolonged action, cahsed vasodilation m the dog and vasoconstriction 
or no response m the cat Wedd (201, 202) reported that acetylcholme and 
carbammoylchohne (doryl) first mcreased and then decreased coronary smus 
outflow m isolated cat, dog and rabbit hearts Acetylcholme mcreased coronary 
blood flow m the dog heart-lung preparation (2, 155) Injection of mecholyl 
mto the unanesthetized, tramed dog was followed by an mcrease m coronary 
arterial flow as measured by therm ostromuhr (46) 

In general, then, acetylcholme mcreases coronary blood flow m the dog Its 
action m the cat and rabbit is not clear 

The action of adrenaltn on coronary blood flow has been mvestigated more 
extensively It vanee from species to species, among mdividuals of the same 
species, and even along different portions of the same coronary artery To 
determme the vasomotor action of adrenalm, secondary effects due to changes 
m heart rate, coronary blood pressure, and penpheral resistance must be care- 
fully excluded Further, as Markwalder and Starhng (142) pomted out and 
Gregg and Shipley (11) recently reemphasized, adrenalm mcreases the metabohc 
rate of tissues and the resultant metabohtes may themselves affect the cahber 
of the blood vessels 

Studies of the effects of adrenahn upon isolated coronaiy artenal rmgs are m 
general unsatisfactory Rigid control of temperature is important smce changes 
m temperature alter the cahber of the coronary artenes (27, 28) The coronary 
artenal segments which can be studied are necessarily of large or moderate 
diameter The smallest artenes and antenoles which exert the most influence 
on penpheral resistance to flow cannot be studied m this manner Adrenahn 
apparently dilates the isolated coronary artenes of the calf, sheep, pig (11, 27) 
and dog (28) In general, the larger coronary artenes of human hearts fost 
mortem are constncted by adrenahn, (11) but the smaller, more distal branches 
are dilated (28) However, the same stnp of human coronary artery may be 
dilated by large and constncted by small doses of adrenahn (129) When con- 
atnctor effects were abohshed by ergotoxm, adrenahn dilated both dog and 
human coronary arteries (28, 129) That is, isolated stnps of coronary artery 
are usually dilated by adrenahn In those human artenal segments m which 
adrenahn causes vasoconstnction, vasodilation occurs when the constnctor 
effect IS abohshed by ergotoxm Smce the smallest vessels cannot be studied 
by this techmque, conclusions cannot be drawn from these experiments regard- 
ing the action of adrenalin on coronary blood flow 

The effect of adrenalm on hearts arrested either by chemical changes m the 
perfusate (102, 106, 130, 207) or by cardiac failure (12) is variable, and smce the 
techmque is imphysiologic, without significance Studies on the isolated 
fibnllatmg heart are more informative In this preparation the effect of a drug 
upon coronary flow may be studied mdependent of changes m cardiac rate, 
coronary artenal pressure and penpheral resistance, changes m coronary flow 
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e presumably due to changes m the cobber of the coronary vessels Ham- 
ouda and Kinoaita (108) observed that adrenalm mcreased coronary flow m 
le isolated fibnllating rabbit heart Kat* and his associates report^ t^t 
le administration of adrenalin to the fibnllating cat heart was followed either 
y vBsoconstnotion or vasodilatioa In the dog heart, vasodilation resulted, 
ither alone or preceded by transient vosoconstnotion Therefore the action 
£ adrenalm on the blood vessels o£ the fibnllatmg heart is variable 
Although studies on the fibnllating heart may be useful to determme the 
Sect of drugs on the cahber of the coronary vessels, they do not furnish infonna- 
ion concemmg the response of the beatmg heart Adrenalm mcreases heart 
•ate, the strength of cardiac contmotion, and aortic and coronary arterial pres- 
jures. Further, if the vagi ore mtaot, the mcreased cardiac output will mcrease 
loronory blood flow reflexly (9) 

The effect of adrenalm on the isolated beatmg perfused heart depends upon 
the species studied and the dosage used The coronary blood flow of the rabbit 
IS decreased by low (106) and mcreased by high (12, 106) concentrations of adren- 
alin. The decrease m flow with small doses may be due to mcreased axtra- 
vasoular resistance because of the mcreased vigor of ventncular contraction (106) 
The coronary blood flow of the isolated beatmg monkey heart is decreased by 
adrenalm (12), and that of the human heart revived post mortem is first mcreased 
and shortly thereafter decreased (130) 

In the aneslhetissed dog, the coronary arterial flow of the innervated heart 
in sUu 13 mcreased by administration of adrenalm In the first esperunents 
reported (77, 163, 163) the technique of measurmg coronary flow was not re- 
liable However, usmg the more accurate thennostromuhr method, W^na, 
Esses and their associates (40, 205) observed an mcrease m flow through both 
right and left coronary arteries m the anesthetized dog and the unanesthetized 
tmmed dog as wdl 

In aummary, then, adrenalm mcreases coronary flow m the mtact, innervated 
dog heart Studies on isolated coronary vessels and the fibrillatmg heart mdicate 
that the coronary arteries of most species are dilated by nilmnnhn However, 
adrenalm may constnot the larger human coronary artenes and sometimes 
those of the cat In the mtact heart, however, the mcreased coronary arterial 
pressure more than compensates for any mcrease m peripheral resistance, whether 
due to vosoconstnotion or mcreased extmvascular compression. Smce its 
action and that of sympathetic nervous stunulation need not be identical, care 
should bo exercised m draivmg conclusions from experiments with adrenalm 
Vagal Sttmulalwn In 1896 Porter (101) studied the effect on coronaiy 
blood flow of stimulation of tho cardiac end of the cut -vagus nerve of the isolated 
cat heart Ho reported that a stimulus not strong enough to change heart rate 
decreased coronary outflow from the mcised right ventnole The same result 
was obsened m a non beatmg heart Porter therefore believed that vagal 
stim^tion caused vosoconstnotion m the cat heart Smce vasoconstnofaon 
WM followed by vasodilation m one expenmont. Porter concluded that tho vara 
nught carry both vusoconatriotor and vasodilator fibers 
Anrep and SegaU (9) obtamed sumlar results m the dog heart-lung preparation 
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measuimg coronary sinus outflow Bilateral vagal section increased coronary 
flow even though heart rate remained constant Stimulation of the penpheral 
end of the cut vagus nerve at first diminished and then increased coronary 
flow above normal Blood pressure was mamtamed constant m these exper- 
iments and the bradycardia which accompamed vagal stimulation was not suffi- 
cient to affect coronary flow Therefore, hke Porter, Anrep and Segall beheved 
that the vagi carry vasoconstrictor impulses They attributed the delayed 
dilator effects to the presence of post-ganghomc sympathetic neive fibers m the 
lower cervical portion of the dog vagus nerve These ddator effects usually did 
not appear if the vagus was stimulated high m the neck where sympathetic 
fibers ordmanly have not yet jomed the vagus (72) 

Apparently, m the isolated human heart revived post mortem the vagi constrict 
the coronary vessels Kountz, Pearson and Koemg (130) observed that cor- 
onary inflow was decreased by vagal stimulation m hearts m which the ventricular 
rate was constant because of complete aunculo-ventncular dissociation 

The effect of parasympathetic stimulation upon the vigor of cardiac con- 
traction was not controlled m any of these experiments Eatz and Jochim (120) 
stimulated the vagi to the isolated dog heart m which the nerves were preserved 
The bram and coronary arteries were perfused simultaneously at a constant 
pressure, and the heart was set mto fibrillation so that coronary flow would be 
unaffected by changes m the force of ventricular contraction The outflow of 
the pulmonary arteiy was used as a measure of coronary flow In contrast to 
experiments reported by others, section of both vagi m the neck decreased cor- 
onary flow, and stimulation of the penpheral end of the cut vagi either mcreased 
flow or was without effect Katz and Jochim therefore concluded that the 
vagi earned vasodilator rather than vasoconstnetor impulses to the heart 
None of these studies defines the action of the vagus m the mtact animal 
Hem (167) measured coronary blood flow m the mtact dog with a thermostromuhr 
Section of the vagi mcreased, and stimulation decreased coronary blood flow 
He stimulated the vagi high m the neck, where mterference from accompanjong 
sympathetic fibers is minimal These results were confirmed by Essex and his 
collaborators (43) with an unproved thermostromuhr They also observed 
an mcrease m blood flow after mjection of atropme which blocks the trans- 
mission of parasympathetic impulses (44) 

Evidence concemmg the effect of vagal stimulation on the cahber of the cor- 
onary vessels is therefore conflicting. In the beatmg heart the vagus seems to 
be predominantly vasoconstrictor In the fibnUatmg heart, m which the effect 
of nervous stimulation on muscular contraction is minimized, the vagus, as else- 
where m the body, apparently dilated the coronary vessels However, m the 
mtact ammal, stimulation of the vagi decreases coronary flow 

Sympathetic Stimulation Similarly the effects of sympathetic nervous 
stimulation on the coronary circulation have not been defined clearly Most 
studies on the isolated heart have been unsatisfactory because the methods used 
to measure blood flow were maccurate, because of confusion between the sympa- 
thetic and parasympathetic nerves, and because heart rate, blood pressure and 
the vigor of cardiac contraction were not controlled (172) Further, unless the 
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vngi are sectioned, coronary flow may morease reflexly when the s^pathetio 
nerves are stimulated as the result of the mcrease m cardiac output (9) 

Kounti, Pearson and Koemg (130) measured coronary arterial inflow m the 
strongly beaUng human heart revived post mortem When the ventncular rate 
was constant because of aunculo-ventncular block, stunulation of the sympa- 
thetic nerves to the heart mcrcased coronary blood flow Sympathetic nervous 
stimulation also mcreased the arterial inflow (107) and coronary smus outflow 
(30) of the dog heart-hmg preparation 
However, the effect of sympathetic stunulation is not clear when changes m 
the vigor of cardiac contraction are minimised by the use of the isolated fibnllnt- 
mg heart Katz and Jochim (120) measured pulmonary arterial outflow m the 
fibnllatmg dog heart m which the head and coronary artenes were perfused at 
a constant pressure Stimulation of the stellate ganglia after the vagi had been 
cut resulted m coronary vasodilation m 7 experiments, vasoconstriction m 6 
experiments, and either a biphasic or doubtful change m 27 experiments These 
studies suggest that the sympathetic nerves mclude both vasoconstrictor and 
vasodilator fibers 

In the mtact animal, stimulation of the sympathetic nerves mcreases coronary 
blood flow Morawitz and Zahn (163) reported that sympathetic nervous 
stimulation increased coronary smus outflow of dogs and cats, heart rate, the 
amphtude of cardiac contraction and blood pressure were not controlled Greene 
(71, 72) also noted on mcrease m coronary smus outflow upon sympathetic 
nervous stimulation m the mtact dog This was true when the stellate ganglia 
were stimulated after they had been separated from the spinal cord by sectioning 
the thoracic pre-gonghomo rami to minimize reflex effects Coronary smus 
outflow was also mcreased upon stimulation of the post-ganghomc fibers of the 
6th and 6th left thoracic ganglia which go directly to the heart Greene observed 
that the lower cervical vagal trunk migh t contam vasodilator fibers which he 
beheved were sympathetio m ongm. Unfortunately, however, coronary smus 
outflow IS not an accurate mdex of coronary blood flow 
The effect of sympathetio nervous stimulation upon coronary blood flow m 
the mtact animal was re-exammed by Gregg and Shipley (06) They recorded 
the mmute volume of coronary arterial inflow with a rotameter, and phasic 
variation m flow with an orifice plate meter In the mtact dog stunulation of 
the stellate ganglion usuallj mcreased flow mto the mmn branch of the left 
coronary artery, though m some experiments the mcrease was slight The 
mcrease occurred oven though blood pressure and heart rate were mamtamed 
constant Studies with the orifice meter mdicated that diastohc blood flow 
was mcreased and systoho flow decreased Similar changes were observed m 
the nght coronary artery Therefore Gregg and Shipley beheved that the m- 
creased flow upon stellate ganghon stimulation is at least partly the result of 
coronaiy vasodilation They pomted out that this might be a direct action of 
sympathetic nervous stmulation upon coronary vessels, or the effect of an 
acounulation of metabohtes as the result of mcreased cardiac metabolism (96) 
ilm mcrcased coronary flow might also be due to reflex inhibition of vagal un- 
pulses secondary to the mcrease m cardiac output (0) ' 
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To summarize, the effect of sympathetic nervous stimulation upon the isolated 
fibnllatmg heart vanes among species and among mdividuals of a species 
However, m the isolated, beatmg heart, the heart-lung preparation and the 
mtact animal, sympathetic nervous stunulation mcreases coionary blood flow 
This IS probably due at least m part to coronary vasodilation 

Reflex Control of Coronary Blood Flow Reflexes of Cardiac Onyin In the 
denervated heart-lung preparation, coronary blood flow does not change with 
cardiac output, as long as other factors, notably artenal blood pressure are 
constant (142) However, if the nerves to the heart are mtact, coronary blood 
flow will mcrease as cardiac output mcreases Anrep and Segall (9) observed 
this m the innervated dog heart-lung-bram preparation The brain was supphed 
with oxygenated blood through the brachio-eephahc artery by means of an 
artificial pump Coronary smus onflow was extremely sensitive to changes m 
cardiac output In some experiments, treblmg cardiac output doubled coronary 
smus outflow, although aortic and coronary artenal pressures were constant 
The shght change m cardiac rate which resulted from the Bambndge reflex was 
not sufficient to account for the mcreased coronary smus outflow Anrep and 
Segall also noted that m the mnervated heart-lung preparation the same rise 
of blood pressure caused a much greater mcrease m coronary smus outflow when 
the cardiac output was large than when it was small 

This mcrease m coronary blood flow when cardiac output is mcreased was 
observed m the dog heart in situ by Gieen and Gregg (68, 87) whether the 
coronary artenes were perfused at a constant pressure or with the normal pul- 
satile aortic flow In the former instance coronary artenal inflow was measured 
with a constant pressure flow meter, and m the latter, with an orifice plate meter 
The cardiac output was mcreased by mfusmg blood mto the jugular vem When 
the coronary artenes were perfused with the pulsatile aortic outflow, some of 
the mcreased cardiac output was apparently due to the mcrease m systohc blood 
pressure which resulted from the mcreased cardiac output Most of the m- 
creased coronary flow, however, was dunng diastole and was probably the result 
of leflex inhibition of vagal coronary vasoconstnction However, the effect of 
vagotomy was not studied 

The vagus nerves to the heart are m a state of contmual, tome activity regu- 
latmg the cahber of the coronary blood vessels In the dog, sympathetic tome 
activity IS more difficult to demonstrate Anrep and SegaU (9) observed that 
the coronary smus outflow of the dog heart-lung-bram preparation mcreased 
when the vagi weie sectioned This preparation, m which the sympathetic 
nerves were mtact, now behaved as if totally denervated, for an mcrease m 
cardiac output failed to mcrease coronary smus outflow Anrep and Segall 
thought this meant that m the innervated preparation, the mcrease m coronary 
flow when cardiac output mcreased was mediated reflexly through the vagus 
nerve They beheved that the acceleration of blood flow after vagal section 
mdicated the presence normally of a "parasympathetic tone” m which para- 
sympathetic stunuh held the coronary vessels m a contmual state of partial 
constriction 
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Tomo control of coronary blood flow by the vagus nerve has also been dem- 
onstrated m the mtact dog Essex and his associates (43) observed the coronary 
arterial flow of the trained, unanesthetued dog was doubled by cuttmg the vagi 
Changes in coronary flow wth axercise were then the same m both vagotomized 
and totally denervated dogs The mcrease m coronary arterial flow when 
cardiac output mcreased was abolished by vagotomy (43, 167) and by the 
administration of atropine, which blocks the transmission of vagal impulses (68) 
Evidence for the presence of tomo sympathetic control of coronary blood flow 
IS meager Essex and his associates (43) noted that the coronary flow of sympa- 
thectomued dogs mcreased with nxercise m the same way as that of the normally 
innervated nTumnl Katz and Jochun (120) sectioned the stellate ganghon to 
the isolated fibrillatmg dog heart after the vagi had been cut When a change 
m coronary blood flow occurred after this procedure, it was an mcrease, but this 
was not promment In the mtact dog, on the other hand, Gilbert and his 
associates (67) found some evidence for sympathetic dilator tone The decrease 
m coronary flow measured with the thermostromuhr or Morawitz cannula which 
occurred when the decerebrate dog’s nasal mucosa was irritated with ice water 
was not abohshed by section of the vagi or mjection of atropme These ex- 
penmenta are suggestive but not defimtive 
The evidence therefore unphes that m the dog the vagus nerves to the heart 
are m a state of continual tomo activity regulatmg coronaiy blood flow Sym- 
pathetic tomo activity is much less promment This corresponds with the fact 
that anatomic studies show that the nerves to the smaller vessels are predom- 
inantly parasympathetic These expemnents m no way elucidate the degree 
of tome sympathetic and parasympathetic control in man 
Reflexa of Extra-Cardiac Origin The changes m coronary blood flow which 
result from extra-cardiac atimuh are of great cluneal mterest and may help to 
elucidate the relationship between angina pectons and such mcitants as eatmg, 
abdominal distention, cold and exercise Stimulation of many afferent nerves 
will mcrease coronary blood flow However, this does not tell the whole story, 
for these stimuh may also mcrease the work of the heart or decrease coronary 
arterial blood pressure Whether symptoms of coronary insuflBciency wdl occur 
depends upon the balance between the needs of the heart and the coronary blood 
flow 

Greene (73) mvestignted the effect of stimulating various afferent nen es upon 
coronary sinus outflow In the mtact dog As a general rule, weak stimulation 
of afferent nerves mcreased coronary smus outflow, while stronger stunulation 
decreased flow and frequently blood pressure ns well As hna been emphasized, 
coronary smus outflow la not an accurate mdex of total coronary blood flow’ 
The mcrease m coronary smus outflow was observed upon stunulation of the 
central end of the cut sciabo nerve, the phremo nerves, the cehac ganghon, the 
nerves to the cehac ganghon from the region of the gaU bladder and common 
duct, and the right splanchmc nerve (114) Stimulation of the central end 
of the branches of the vagus from the stomach and hepatic regions gave in- 
constant results, sometimes mcreasmg coronary smus outflow (73, 114) 
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Digestion of a mixed meal mcreased coronary arterial inflow m the qmetb 
lestmg dog (40) Distention of the esophagus, stomach, and gall bladder of th 
dog were reported by Hinrichsen and Ivy (114) to mcrease coronary smu 
outflow Gilbert, LeRoy and Fenn (68) repeatmg the studies of Von Bergmaru 
(194) obseived that coronary arterial inflow, a more accurate measure of flow 
was usually decreased by distention of the stomach or peritoneal cavity Oc 
casionally coronary flow either mcreased or was unchanged The. decrease u 
flow occuired despite httle oi no change m blood pressure, and was preventec 
by atropme, mdicatmg that the reduction was mediated through parasympa 
thetic nerves Distention of the gall bladder or distention or irritation of it 
ducts also decreased coronary flow through parasympathetic reflexes (54) 

An mcrease m cerebral blood pressure shghtly dunmished, and a faU m cerebra 
blood pressure mcreased coronaiy smus outflow m the dog heart-lung-brau 
preparation (9) Stella (182), Hochrem and Keller (115), and W^gna, Essex 
and Herrick (204) demonstrated that these changes were mediated through the caro 
tid smus A reduction m carotid smus pressure mcreased coronary arterial inflow 
Stimulation of the aortic nerve ehcited either reflex constnction or dilation ol 
the coronary vessels dependmg upon the frequency and strength of current used 
Changes m coronary blood flow with exercise are controlled largely througl 
nervous reflexes Greene (76) demonstrated that spontaneous skeletal move 
ments of dogs hghtly anesthetized with ether were accompanied by an mcreasi 
m coronaiy smus outflow, mdependent of changes m blood pressure and heari 
rate, and presumably of reflex ongm Essex, Herrick, Baldes and Mann (42] 
studied the effect of exercismg on a treadmill on coronary arterial inflow m tramec 
unanesthetized dogs Blood flow was measured with a direct current thermo- 
stromuhr placed around the artery four or five days before They observed 
that coronary flow mcreased rapidly at the beginning of exercise and with each 
mcrement of work The coronary flow frequently dechned somewhat from its 
maximum after exercise had contmued for a short tune This was also true 
to a lesser extent after each new mcrement With the cessation of work, cor- 
onary blood flow returned to normal m one or several mmutes Coronary blood 
flow was mcreased by exercise as much as 400 per cent above the restmg level 
The mcrease roughly paralleled the mcrease m heart rate, but not blood 
pressure, for at low rates of work the mcreased flow was not accompamed 
by a sustamed nse m blood pressure Therefore the mcrease m coronary blood 
flow with exencse could not be attributed to an mcrease m aortic blood pressure 
alone Sympathectomized dogs were found to behave m a manner mdistmguish- 
able from normal animals, coronary blood flow mcreasmg with exercise (43) 
On the other hand, 30 days after bilateral vagotomy coronary blood flow m- 
creased with exercise only if arteiial blood pressure mcreased Total denervation 
of the heart was followed immediately by an mcrease of as much as 100 per cent 
m coronary blood flow Subsequent to this, exercise caused a tachycardia of 
only about 10 beats per minu te In the totally denervated dog, as m the va- 
gotomized dog, coronary blood flow was dependent prmcipaUy on blood pressure. 

Exercise, then, mcreases coronary blood flow both by mcreasmg arterial blood 
pressure and by coronary vasodilation The vasodilation is apparently mediated 
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thiougli the vagus nerve, owl disappears after vagotomy or total denervation 
Such small changes m coronary flow unexplamed by changes m blood pressure 
or changes m vagal tone may be due to the mcrease m body temperature ac- 
companymg eimroise, or to on mcrease m circulntmg metabohtes 

Cutaneous -pain mcreases coronary blood flow (73, 116) The concomitant 
mcrease m blood pressure which may occur, however, may disproportionately 
mcrease the work of the heart and relaUve coronary insufficiency may result 
Cooling the ektn, which wiU mduce angmal attacks m human patients (63) also 
mcreases coronary arterial flow m the dog (Iflfl), on effect abolished by se'ction 
of the vagus nerve Coolmg the mucous membrane of a decerebrate dog with 
ice water, however, decreases coronary flow This occurs despite vagal section 
or the admmiatmtion of atropme and may be due to mhibition of sympathetic 
tonus (57) 

Thus vanous stimuh — exercise, pom, coolmg of the skm — which may mduce 
nn[nrm1 attacks may be associated m the expenmental animal with an mcrease 
m coronary blood flow However, all these stimuh may concomitantly mcrease 
arterial blood pressure and the work of the heart In addition, one may surmise 
that the presence of arteriosclerosis ivill hmit the degree to which coronary blood 
flow may be mcreased It cardiac work mcreases disproportionately to the 
mcrease m coronxuy blood supply, relative coronary insufficiency and angmal 
pam wdl result 
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Studies of the pharmacology of the cdroiuuy circulation have helped to explam 
the chnical efficacy of certam drugs used m the treatment of coronary arterial 
disease The pertment hterature has been renewed by Smith (176) and more 
recently by Essex (39), Jochim (117), and Green (66) The effect of drugs may 
be studied m the mtact animal Equally important, the mechanism by which 
this effect is achieved must be determined A drug may act directly on the 
coronary \ essels, or mduectly by altenng coronary blood pressure, the peripheral 
resistance which the cardiac muscle offers to flow, or the motabohsm or cardiac 
muscle In most reported experiments, particularly those on isolated heart or 
heart-lung preparationa, the dosages of drugs employed have been far m excess 
of those used clmically Smee the action of a drug frequently differs m low and 
high concentrations, erroneous conclusions may bo drawn too readily from the 
results of ani mal expenments. In addition, there are species and mdmdual 
vanations m response And, as Kounts and Smith (131) have shmvn, the 
normal and the faihng heart may respond differently to the same drug 
iVuntca The mtntes have been used widely m the treatment of angma 
pectons They mcrease the volume of coronary blood flow and rehevo the rela- 
tive mjocardial ischemia with its accompanymg pam Apparently this is 
achieved by dilation of the coronaty vessels despite a concomitant foil m 
arterial blood pressure. 


Sodium mtnte has been reported to mcrease coronary blood flow m the isolated 
revived, normal human heart (129, 130) and heart-lung preparation (2, 21) 
and m the dog heart in «iu (176) In the anesthetized dog, flow mcreased both 
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in systole and diastole, presumably because of vasodilation (23) Isolated 
stnps of ox, pig (193) and human (129) coronary arteries were dilated by sodium 
mtnte Introduced into the fluid perfusmg the isolated, fibriUatmg dog heart, 
it mcreased coronary flow as measured by pulmonary arterial outflow (126) 
Smce perfusion pressure was constant and extra-vascular penpheral resistance 
virtually ml, the mcreased outflow was mterpreted as evidence of coronary 
vasodilation 

Sodium mtnte therefore mcreased coronary blood flow m human and nniTnal 
hearts, pnncipally by dilatmg the coronary vessels and m spite of a fall m arterial 
blood pressure However, m the faihng heart, coronary arterial flow may de- 
crease This was demonstrated m the dog heart in situ by Snuth, (175) and later 
by Kountz and Srmth (131) m the isolated revived dilated human heart 

Amyl mtnte, inhaled by the anesthetized or unanesthetized dog, mcreased 
coronary arterial blood flow as measured with the theimostromuhr (40, 205) 
In the unanesthetized dog the nasal passages were first cocainized to ehminate 
reflex effects due to local untation by the drug The unanesthetized dog was 
relatively refractory to a second dose of amyl mtnte administered immediately 
after the first Amyl mtnte mcreased coronaiy flow m the isolated monkey 
heait (12) and dog heart-lung preparation (21) and dilated isolated ox and pig 
coronary arterial stnps (193) 

Nitroglycerine also mcreased coronary artenal blood flow when administered 
mtravenously oi by mouth to the unanesthetized dog (40, 46), or mtravenously 
to the anesthetized dog (205) Studies on isolated coronary artenal nngs (193), 
the isolated fibnllatmg dog heart (126) and anesthetized mtact dog (23) mdicate 
that the mcreased flow is due at least partly to vasodilation Smith (175) 
studied the effect of mtioglycenne on myocardial ischemia m the dog Transient 
rehef of cyanosis was observed m the muscle distal to the hgation of a small 
branch of the left coronary artery He beheved this was because the collateral 
artenoles and capillanes of the effected area were dilated 

Digitalis and its Denvaiives The use of digitahs and alhed compounds m 
the treatment of coronary artenal disease has been the subject of much debate 
Those who disapprove base theu argument partly upon reports that these drugs 
constrict coronary vessels Actually, experimental evidence of vasoconstriction 
by therapeutic doses is unconvmcmg Nor is there adequate clmical evidence 
of vasoconstnction Thus, Gold and his associates (61) reported that the 
administration of digitalis to 120 selected patients did not affect the course of 
RTigma pectoris When chmcal mdications exist, digitalization should not be 
withheld because of fear of coionary vasoconstnction 

Studies of the action of digitalis upon the coronary vessels of laboratory 
n.Tinnn.lH have been mconclusive Not enough attention has been paid to changes 
m cardiac rhythm, vagal tone, and the strength of myocardial contraction, all 
of which influence coronary flow m the mtact animal Further, m most ex- 
periments, relatively large, toxic doses have been used Nowhere are the 
difficulties of transposmg experimental results to the bedside better illustrated 
than m studies of digitalis 



THB CORONABT cmCnLiTION 


316 


la the intact, anesthetized (160) and unonesthetized (32, 41, 45) dog, repe^il^ 
stadies indicate that m doses comparable to those used therapeutically, digUaUs, 
slTophanthw, dtgtlantds A,BandC and dtgtUmn are mthout effect on corom^ 
artenal flow as measured wth the thermostromuhr Toiao doses of digitalis, 
digitoxin or strophanthm. however, decrease coronaiy flow When coronary 
ainiiB outflow Was measur^, the results were not as clear cut Sakai and Saney- 
oshi (171) observed that strophanthm m thempieutio doses did not alter coronary 
flow m the cat Others observed that ouabain and strophanthm usually de- 
creased coronary flow (60, 89) but the effect of digitalis leaf and digitoxm varied 
However, m some experiments the concentration of drugs i\as sufficient to alter 
blood pressure, an effect not found with non toxic doses 
The effect of digitalis and related compounds upon the coronary vessels of 
vanoufl isolated preparations is less well understood* Hountz and Smith (131) 
studied the action of digitalis upon coronary artenal mflow m isolated, beatmg 
human hearts revived post mortem Digitahs mcreased coronary flow if the heart 
was dilated, but decreased flow if the heart was of normal size These expen- 
ments imply that digitalis may mcrease the coronary flow of the failing heart 
Digitalis, strophanthm, and the digitalis glycosides are said to constnet isolated 
stops of coronary artenes (38, 104, 193), though dilation has been reported as 
well (27, 193) Digitaxm decreased coronary flow m the isolated, perfused, 
beatmg heart (138), but strophanthm did not affect coronary flow except m 
doses causmg cardiac arrest (104, 100, 108) Variable results have also been 
reported for the effect of digitalis and its denvatives on coronary smus outflow 
in the heart-lung prepamtion (21) Gmsberg, Stoland and Siler (69) noted a 
biphasio effect, a temporary decrease m coronary smus outflow bemg followed by 
an mcrease However, coronary smus outflow is not a rehable mdex of coronary 
flow 

K strophanthm digifolm and ouabam were reported by Lmdner and Katz (67) 
to have a variable effect upon coronary flow m the isolated, perfused, fibnllatmg 
dog heart, so that these drugs seemed at one tune to be vasoconstnetor and at 
another, vasodilator What effect the drugs hod upon the character of ventne- 
ular fibrillation and thus upon peripheral resistance to flow ivas not described 

To summanzo, the action of digitalis and aUied compounds upon vonous iso- 
lated preparations is not clear In the isolated h uman heart, coronary artenal 
flow was mcreased by digitalis if the heart was dilated, decreased if the heart was 
normal m size In the mtact dog, digitalis and its denvatives were without 
effect on coronary artenal inflow in doses compamble to those used clmically, 
although toxic doses decreased artenal flow These axpenments unply that the 
presence of coronary artenal disease does not contramdicate the use of digitalis. 

Xanthmes The xonthmes arc used extensively m the treatment of coronary 
artenal disease. Both m the isolated heart and m the mtact anmrnl, parenterally 
admmistcred xanthine denvatii es mcrease coronary flow Of course, this does 
not mean that tho same drugs are therapeutically effective by mouth Recent 
o-xpenments (02, 211) have not borne out the earlier hope that tho xanthines 
might mduce a collateral circulation which would dunmish the size of a myo- 
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cardial infarct after coronary occlusion (52) Nor is there adequate evidence 
that the xanthines improve an unpaired human coronary cuculation (22) As 
Gold (60) has emphasized, this does not preclude the use of the xanthmes m 
coronary arterial disease as diuretics or for the rehef of concomitant respuatory 
distress 

The coronary vasodilator properties of the xanthmes were reviewed by Fowler, 
Hurevitz and Smith (52) and moie recently by Boyer (22) Apparently, 
theophylline alone or with ethylene diamine (aminophyliine) is the most potent 
xanthme vasodilator, theobromine and caffeine are less effective (108) Rather 
large doses of ammophylhne mcreased coronary artenal flow m anesthetized 
(205) and unanesthetized (46) dogs The mci eased flow mduced by ammo- 
phyUme or theamine (theophylhne mono-ethanolamme) was prmcipally duruig 
diasltoe, and was sometimes preceded by decreased flow durmg systole (23) 
The decreased systohc flow was attributed to an mcreased vigor of ventncular 
contraction which mcreased extravascular compression of the coronary vessels 
Total coronary flow mcreased despite a fall^m blood pressure, implymg that 
vasodilation occurred Whether this mcreased flow was sufficient to meet the 
simultaneously mcreased needs of the heart muscle was not clear 

Theophylhne and ammophylhne were reported to mcrease coronary flow m 
the isolated, fibnllatmg dog heart (137) and isolated, beatmg cat (103) and rabbit 
(108, 178) heart Theophylhne and ammophylhne also mcreased coronary 
arterial inflow m the revived human perfused heart or heart-lung preparation 
whether the heart was normal m size oi dilated (131) 

Theobromine, theobromine sodium salicylate and caffeine are not as consistent 
coronary vasodilators as theophylhne and ammophylhne (178) They mcreased 
coronary artenal mflow m normal human hearts revived post mortem (2, 129, 
131) and, except for theobromme, m dilated human hearts as well Gilbert and 
Ferm (55) beheved theobromme and its salts mci eased coronary smus outflow in 
the mtact anesthetized dog more than theophylhne, ammophylhne or cafieme, 
theobromme sodium acetate decreased the mortahty rate of dogs durmg the first 
24 hours after coronary aitenal hgation from 70 to 23 per cent (134) Un- 
fortunately the ultimate fate of the dogs m this study was not descnbed Large 
doses of caffeme mcreased coronary flow m the perfused isolated, fibnllatmg dog 
heart (137) and the beatmg cat (103) and rabbit heart (108) 

Quinidine Qumidme is an aHialoid widely used m the treatment of irregu- 
lanties of cardiac ihythm It is without effect on coronary flow m the isolated, 
revived, perfused human heart (129) and dog heart-limg preparation (21) and 
isolated fibnllatmg heart (37) Nor does qumidme dilate human coronary 
artenal segments post mortem (129) 

Opiates Although morphme and its denvative aie piobably the drugs most 
frequently employed m the therapy of myocardial infarction, few studies have 
been made of then effects on the coionary circulation Apparently morphine 
dilates the coronary vessels of isolated dog (37) and human hearts (129) to some 
degree Papaverine is a much more active coronary vasodilator and m doses 
comparable to those used chmcaUy mcreased coronary artenal flow of unanes- 
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thetized, trained dogs (46) Papaverine also increased coronary flow m the 
anesthetized and unanesthetized dog (205) and the rew ed, isolated, perfused 
human heart (129) and heart-lung preparations (2) Houever, its clinical use 
in angma pectons is often disappomtmg (60, 64) 

Poalcnor Pituitary Substances Ptttnlnn, which contams both oxytoiac and 
pressor prmciples of the postenor pitmtuiy gland, and pUressui, which is pnma- 
nly pressor pnnciple, cause prolonged and intense coronary vasoconstriction 
This has been demonstrated repeatedlj m the anesthetized (206) and unanes- 
thebzed (40) mtact dog, the dog heart lung preparation (21, 113, 155), the 
perfused, isolated, fibnllatmg dog heart (120) and the isolated, perfused, rabbit 
heart (101) Pituitrm decreased coronary flow m the revived, normal, isolated 
human heart (129) and heart-lung preparation (2, 130) However, m the dilated 
heart, coronary arterial flow mcreased (131) Because of its prolonged vaso- 
constrictor effects, pituitnn should be used with circumspection m the presence 
of coronary arterial disease 

Sympalhomimeiic Drugs The action of adrenalin has been discussed m the 
section on Nervous Control of the Coronary Circulation Ephedrme is appar- 
ently a coronary vasodilator, mcreasmg coronary smus outflow m the mtact dog 
(184) and m the dog heart-lung preparation (166) more than would be predicted 
from the concomitant rise m blood pressure. 

Parednne, an adrenahn denvative with pnmanly pressor acbon, caused 
prompt and prolonged coronary dilation of considerable magmtude m the per- 
fused, isolate!, fibnllatmg dog heart (37) The net effect m the mtact animal 
cannot be predicted from these espenments. Coronary vasodilation and the 
nse m aortic blood pressure mcrease coronary blood flow , but concomitantly the 
strength of ventncular contraction mcreases, and with it, systohe resistance to 
coronary flow 

Parasympalhommelic Drugs Aceiykhohne and mecholyl (acetyl beta-methyl- 
cholme) have been discussed m the section on Nen ous Control of the Coronary 
Circulation The alkaloid pilocarping was reported to mcrease coronary blood 
flow m the isolated, revived, human heart, at the same time decreasmg heart 
rate It was without effect on isolated rmgs of human coronary artenes (129 
130) 

Miscellaneous Drugs Atroptne, which blocks parasympathetic nervous 
stmiuh, mcreased the coronary arterial blood flow of anesthetized (205) and 
unanesthetizcd (46) dogs This was mvannbly nccompamed by an mcrease m 
pulse rate Atropme also mcreased coronary smus outflow m the dog heart- 
lung preparation (9) The effect of atropme on the human coronary circulation 
IS not clear Kountz (129, 130) observed that atropme mcreased the heart rate 
and dimmished the coronary flow of the remed, isolated, perfused human heart 
It was without effect on isolated coronary arterial nngs 

Coramine or mkethamido (pipendme betacarbomc acid diethylamide) m doses 
relatively large compared with those used clmically, mcreased coronaiy arterial 
flow m the unonesthetized tramed dog (40) This is apparently duo at least m 
part to coronary vasodilation WiSgna and hia associates (205) found that m 
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dogs anesthetized with chlorosane, large doses of coramme caused a momentary 
decrease followed by an mcrease m blood pressure and coronary arterial flow 
The mcreased flow was of short duration, but outlasted the mcrease m blood 
pressure Further, coramme mcreased blood flow through the perfused, isolated, 
fibriUatmg dog heart (37) The coronary smus outflow of the mtact, an- 
esthetized dog (75, 185) and dog heart-lung preparatidn (185) was also mcreased 
However, there is no evidence that coramme m the doses used clmically has a 
significant effect on the human coronary circulation 

Metrazol (cardiozol) mcreased coronary blood flow m the perfused, isolated, 
fibnllatmg dog heart (137), and heart-lung preparation (185), but the concen- 
trations used were out of all proportion to that hkely to reach the human heart 
In non-toxic doses it was without effect on the coronary smus outflow of the in- 
tact anesthetized dog (185) Metrazol is not now used chmcaUy for its cardiac 
action Nicotine diminished coronary flow m the isolated, perfused, human 
heart revived postr-mortem (129) The decrease m blood flow was accompanied 
by a shght mcrease m heart rate and the amphtude of cardiac contraction 
Nicotme was either ivithout effect or caused mild constnction of isolated human 
(129), ox and pig (193) coronary arteiial rmgs Whether the concentration of 
mcotme used was comparable to that obtamed from smokmg tobacco was not 
remarked Camphor, at one tune a drug widely used as a reflex “stimulant” 
of the cardiovascular system, shghtly mcreased coronary blood flow m the re- 
vived, isolated, perfused, beatmg human heart (129), and coronary smus outflow 
m the dog heart-lung preparation (21) 

Essex and his collaborators (46) observed that m a smgle experiment m the 
unanesthetized dog, nembutal mcreased coronary arterial flow The addition 
of glucose to the perfusion flmd of the isolated, fibnllatmg heart mcreased coro- 
nary flow except in extreme concentrations impossible to reach therapeutically 
(137) On the other hand, 20 to 40 umts umts of insulin added to flmd perfusmg 
the isolated, fibnllatmg, dog heart also caused coronary vasodilation (37) 
The significance of these observations is not clear In patients with coronary 
artenal disease and diabetes, msuhn hypoglycemia may mduce acute coronary 
insufficiency and death (135A) This may be due to impairment of the nutntion 
of the myocardium by prolonged hypoglycemia, or to an impairment of coronary 
blood flow not predicted by these experiments We are not fa m i li a r with any 
studies of the effect of glucose upon coronary flow m the mtact animal Chmcal 
experience is confused by the fact that hypertomc glucose is mildly diuretic 

The effect of mcreased concentrations of various ions upon coronary flow m 
the isolated, fibnllatmg dog heart has been studied by Katz and his associates 
The heart was perfused with defibrmated blood to which calcium gluconate and 
glucose had been added Sodium chloride (136), added to defibrmated blood to 
1| to 2| times that normally present, significantly mcreased coronary flow for 
a few mmutes Calcium chloride (136) when added to a concentration to 24 
times that usually present m defibnnated blood caused a prolonged) mcrease m 
coronary flow even though m some instances the cardiac fibrillation became 
coarser or synergistic beatmg occurred On the other hand, calcium gluconate 
(137) was without effect Potassium chloride (136) caused vasodilation m low 
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concentrations and conatnction in higher concentrations However, the con- 
centrations used represented an increase of many tunes m the level of extracel- 
lular plasma potassium, to an unphysiologic degree Magnesium sulfaie (37) 
caused a transient mcrease m coronary flow 
In these espenments, the changes m concentration of the ions studied was 
always much greater than the homeostatic mechanisms of the body permit 
These data are therefore not apphcable chmcally Studies m the mtact annual 
would bo most desirable 

Huiamxne and Anaphylactic Shock The notion of histamine upon coronary 
vessels vanes from species to species Histamine increased coronary arterial 
mfiow (130) and coronary smus outflow (2) m normal, isolated, revived human 
hearts. On the other hand, the coronary flow of dilated human hearts was 
dimmished by histamme (131) Isolated human coronary artenal rmgs of 
relatively large diameter were conatncted by histamme (28, 120) while smaller 
isolated ortenes were dilated (129) Smce total flow depends more upon the 
diameter of the smaUest rather than the largest blood vessels, these studies are 
not contradictory 

Histamme mcreased the dog’s coronary flow whether measured m a perfused, 
isolated, fibnllating heart (120), the heart-lung preparation (166) or the anes- 
thetised (206) or unanesthetized (46) mtact animal The coronary flow of the 
perfused, isolated, beatmg cat heart was also mcreased by histamme (1, 105, 147) 
On the other hand, the coronary flow of the isolated, beatmg, perfused rabbit 
(1, 105, 147) and guinea pig (212) heart was dimmished by histamme 
Histamme is not used therapeutically m cardiac disease However, Wiggere 
(210) suggested that histamme may be hberated at the margins of a potentially 
mfarcted area, and thus might be important m favoring collateral flow The 
action of histamme is also of mterest because of the similanties between its effects 
and anaphylactic shock Andrus and Wilcox (1, 212) studied coronary flow m 
the isolated, perfused, beating heart dunng anaphylactic shock They used a 
modified Langendorff preparation m which the coronary ortenes were perfused 
through the aorta. Coronary blood flow was measure m tivo portions The 
major portion was dramed from the right ventncle, and the remomder, the out- 
flow from the left Thebesian vessels and any small leakage around the aortic 
cannula, from the left ventncle Anaphylactic shock m anunals sensitized to 
horse serum decreased coronary flow m gumea pig and rabbit hearts, and m- 
creased flow m cat hearts. These changes are the some as those produced by 
histamine m these species, corrobomtmg the evidence that an histamme-hke 
substance is released dunng onnphylaxis 

The mtroduction of serum (1) or dofibrmated whole blood (127) of a different 
species dunmished coronary flow m isolated cat and dog hearts Smce his- 
tammo is a vasodilator for both these species, it is doubtless not the substance m 
blood responsible for the vasoconstnction 

conovinY blood flow in disease states 

Hypertension Smce coronary blood flow cannot he measured m situ m man 
one can only infer the changes which may occur m hypertension; Nor are we 
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familiar -mth. any experiments m which coronary blood flow was measured m 
chromcaUy hypertensive a nim a l s However, m acute experiments coronary 
flow IS roughly proportional to the arithmetic mean blood pressure at the root of 
the aorta (2) Diastohc blood pressure is relatively more important than 
systohc (179), all thmgs bemg equal, an mcrease m diastohc blood pressure will 
be accompamed by an mcrease m coronary flow Durmg systole, coronary 
flow does not mcrease proportionately with aortic pressure, smce the extravas- 
cular resistance to flow offered by the ventncular muscle mcreases concomitantly 
In chmcal hypertension, one would expect an mcrease m coronary blood flow 
However, this may not compensate adequately for the mcreased cardiac work 
which hypertension imposes, nor for the decrease m the maximal capacity of the 
capillanes (198, 33) relative to the mass of muscle fibers m the hypertrophied 
hearts of patients with prolonged h 3 q)ertension In the absence of experimental 
proof, the changes m coronary flow m hypertension can only be conjectured 
Several studies of the action of the humoral mediators of experimental hy- 
pertension have been done Hill and Andrus (112) and Lorber (139) observed 
that angiotomn caused a decrease sometimes followed by an mcrease m coronary 
flow m the isolated cat heart Smce the decrease was noted m a fibrillatmg heart, 
presumably vasoconstnction occurred Remn did not affect coronary flow when 
added to the perfusmg fluid, Rmger-Locks’s solution Elek and Katz (37) on 
the other hand observed both vasoconstnction and vasodilation m different 
experiments with the fibnllatmg dog heart perfused with blood containing 
angiotomn or rerun In the latter instance, the rerun presumably combmed with 
the substrate present m blood to form angiotomn The significance of these 
experiments m relation to human hypertensive disease is not clear 

Congestive Failure When, durmg the course of cardiac disease, the left 
ventricle is unable to meet the demands upon it, so-called left ventncular failure 
supeiwenes Blood dams back mto the pulmonary cucmt and pulmonary 
arterial pressure mcreases The r61e of this mcreased pressure m the genesis of 
nght ventncular failure is of considerable mterest 

Gregg, Pritchard, Shipley and Weam (93) mcreased pulmonary artenal pres- 
sure m the anesthetized dog by clampmg the vessel and measured coronaiy 
artenal flow with a rotameter They observed that the resultmt mcrease m 
nght mtraventncular pressure was accompamed by mcreased coronary flow, 
particularly m the nght coronary artery This mcrease was durmg both systole 
and diastole and was always present unless the resistance to pulmonary artenal 
flow was severe enough to cause a considerable drop m aortic blood pressure 
In these experiments the constnction was contmued for 25 mmutes Whether 
the same results would have been obtamed after prolonged pulmonary hyper- 
tension such as occurs chmcally is not clear In patients with coronary arterial 
disease, angma pectons frequently diminishes when congestive failure appears 
Perhaps this represents an mcrease m coronaiy arterial flow as right mtraven- 
tricular pressure mcreases Gregg and his associates did not explam the mechan- 
ism by which coronary artenal flow was mcreased Possibly it is secondary to an 
mcrease m nght apncular pressure which has been shown to ca;Use reflex vas- 
odilation (63) 
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When pulmonary arterial constnction la auffifiient to decrease left ventncular 
output and aortic blood pressure, nght ventricular failure follows (61) This 
IS at least partly the result of decreased blood flow through the nght ventncular 
muscle Smce coronaiy blood flow la directly dependent upon aortic pressure, it 
will decrease as aortic pressure decreases. Further, nght ventncular coronary 
flow may be restncted because of mcreased resistance to venous drainage The 
mam venous drainage of the nght ventncle is through channels other than the 
coronary smus As pulmonary arterial pressure rises relative to aortic pressure, 
the amount of blood drammg through these channels decreases, and the venous 
drainage of the nght ventncle is impeded (149, 160) Although the oxygen of 
the blood is more completely utihzed by the ventncular muscle, as evidenced by 
a decreased oxygen content of the venous blood (160), the nutrition of the right 
ventncle is unpaired, and severe dilation and cyanosis of the right heart appear 
Visscher and Moe (160, 192) concluded that elevation of nght intraventnoular 
pressure accelerates cardiac fadure, and that t h is is due to the restriction of 
coronary flow which occurs They pomted out that, “The left side of the heart 
can carry enormous loads os m hypertension and m valvular disease for many 
years, whereas when the nght ventncle works against mcreased loads the heart 
fails rapidly ” They also noted Levme’s observation (136) that patients with 
mitral stenosis have a better hfe expectancy if there is comcident hypertension 
Presumably this is because the aortic hypertension may mamtam the coronary 
blood flow to the nght ventncle and thereby postpone the appearance of nght 
ventncular failure 

The idle of a deficient coronary blood supply m the development of cardiac 
failure was also emphasued by Kounta and Smith (131) They measured 
coronary arterial flow m revived hearts of persons who had died of ivirHin,- m- 
sufficiency In isolated heart and heort-Iung prepamtions they observed that the 
total coronary flow of patients with heart disease was frequently greater thnn 
normal, especially when severe cardiac failure had occurred Per umt weight of 
heart, however, coronary flow was less than normal The lowest figures were 
observed m patients with arteriosclerotic heart disease In contrast to the nor- 
mal heart, the coronaiy flow of hypertrophied hearts mcreased only a neghgible 
amount when the perfusion pressure was mcreased its the heart ddated m 
failure, coronaiy arterial flow decreased Studies of the vanations m coronary 
flow throughout the cardiac cycle showed that m the normal heart, blood flow 
ivas maximal durmg diastole, but m the dilated heart, dunng systole Kountz 
and Smith beheved that hearts fafl m chrome cardiac du,caso because the coronary 
blood flow IS relatively inadequate due to the mcreaae m muscle mass or con- 
striction of the blood vessels. 

Kountz and Snuth also made the important observation that the response of 
the heart to drugs depends upon the state of the cardiac muscle Thus histamme 
and the mtntea, which morease coronary flow m the normal isolated heart, de- 
creased it m the dilated heart These drugs mcrcase the degree of cardiac dilu- 
tion. Conversely, digitalis and adrenalm, which reduce coronary flow m normal 
isolated hearts, mcreased flow m dilated hearts and at the same time decreased 
the degree of dilation These data can be explamed if cardiac dflation diminishes 
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coronary flow by stretching and narrowing the coronary vessels Drugs which 
increase cardiac dilation would then decrease coronary flow, and those which 
decrease dilation would mcrease flow (131) 

In general, then, heart failure occurs when the coronary blood supply becomes 
insufficient relative to the load placed upon it The left ventncle is able to com- 
pensate for an increased load for long penods Once left ventncular failure 
occurs, however, pulmonary arterial pressure rises When the pulmonaiy 
arterial pressure becomes sufficiently high relative to aortic pressure, the coro- 
nary flow through the nght ventncle is impeded, and the nght ventncle fails 

Coronary Flow in Valvular Heart Disease The changes m coronary flow m 
aortic valvular disease can be predicted from a knowledge of the normal vanation 
m flow durmg the cardiac cycle Durmg the latter half of systole the forward 
movement of blood is impeded by the penpheral resistance offered by the con- 
tractmg ventncle As the heart relaxes durmg diastole, coronary flow increases 
and IS roughly proportional to the diastohc blood pressure In aorhc insuf- 
ficiency, the blood pressure may faU very low dunng the latter part of diastole 
One would predict that when this occurs diastohc coronary flow would be cur- 
tailed sharply In aortic stenosis, on the other hand, the systohc blood pressure 
may be reduced, and at the same time the left ventncle must contract vigorously 
enough to expel blood through the stenosed valve Therefore, m aortic stenosis, 
coronary flow would be restncted by the decreased systohc pressure and mcreased 
systohc resistance to flow 

Smith, Miller and Graber (179) produced aortic insufficiency m dogs by punc- 
tunng the aortic cusps with a wire mtroduced through the carotid artery A 
shght nse m systohc and a sharp fail m diastohc pressure resulted In these 
experiments, coronary smus outflow was much curtailed However, this is not 
an accurate measure of total coronary flow, nor is comparison of central and 
penpheral coronary arterial pressures, a techmque with which Gieen (65) con- 
firmed these experiments In the heart-limg preparation, Davis (31) observed 
decreased coronary flow m both systole and diastole, as measured with the hot 
wire anemometer On the other hand, m the mtact dog Green and Gregg (68), 
recordmg coronary artenal flow with the orifice plate meter, reported that 
systohc flow was mcreased m aortic insufficiency In severe aortic insufficiency 
this was not enough to compensate for the decreased diastohc flow, so that 
mmute blood flow through the coronary artenes was decreased 

These studies help explam the frequency of sudden death m patients with 
severe aortic insufficiency (135) If a sudden demand is made upon the heart, 
the strong ventncular contraction may sharply reduce the amount of blood 
reaching the ventncular muscle durmg systole This, followed by the curtailed 
flow of diastole, may result m death, perhaps by the precipitation of ventncular 
fibrillation or standstill In our experience, sudden death mth aortic msuf- 
ficiency occurs more frequently m luetic than rheumatic heart disease Perhaps 
this IS because in S 3 ^hihs the mouths of the coronary artenes are frequently 
narrowed and the coronary blood supply correspondmgly unpaired 

Green and Gregg (68) measured coronary flow m experimental aortic stenosis 
m the anesthetized dog, with an orifice plate meter They observed that coro- 
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nary flow was decreased and that the reductaon occurred almost entirely during 
systole As Green (6B) had pomted out previously, the systoho reduction m 
flow was due to the more gradual elevation of aortic pressure and the great m- 
orease m systohc penpheral coronary resistance m this disease 

One would expect the changes m coronary flow m arteno-venoua fistula to be 
Bimilar to those m aortic insufficiency Apparently this has not been studied 
with the newer methods of measuring coronary flow In experimental arterio- 
venous fistula, both coronary smua outflow (179) and coronary arterial inflow, 
calculated from differential pressure curves (65) have been reported reduced 
The latter studies mdicate that, os m aortic insufficiency, the reduction m flow 
occurs durmg diastole 

Coronary blood flow m mifrol stenosis has not been studied experimentally 
Kountz and Smith (131) reported that the total coronary flow to a revived hu- 
man heart with mitral valvular disease was reduced to about one-fourth of 
normal Surprisingly, the nght ventncle receives a greater share of the coronary 
flow than the left In mitral stenosis, blood dams back through the pulmonary 
circmt and pulmonary hypertension results Presumably the changes m 
coronary flow which follow are similar to those m experimental pulmonary 
hypertension As we have seen, at first nght coronary flow mcreases When 
the pulmonary hypertension is severe enough, the coronary flow to the nght 
ventncle dimmished and right heart failure ensues As Moe and Vlsscher have 
emphasued, the impairment of coronary blood supply which accompames an 
mcrease m nght rntraventncular pressure is much greater than that accompany- 
mg an increase m left rntraventncular pressure. This may be on important con- 
tnbutmg factor to the more rapid course of cardiac failure m the patient with 
■mitral rather than aortic disease 

Byperthyrmdism. In experimental hyperthyroidism, the coronaiy blood 
flow IS mcreased Essex and his associates (40) mjected one mgm per kilogm 
of body weight of thyroxin mto tramed dogs. In two to four days these animnlH 
had mcreased pulse rates, decreased circulation times, and mtense muscular 
tremors The coronary arterial blood flow mcreased 132 to 244 per cent, as 
measured with the thermostromuhr m the imanesthetued nnimnl 

In these experiments, then, hyperthyroidism ivas accompamed by an mcrease 
m coronary arterial flow The mechanism is not clear The increased flow is 
probably the resultant effect of a number of factors. Hyperthyroidism is 
accompanied by tachycardia, an mcrease m systohc blood pressure and possibly 
a decrease m diastoho pressure In addition, the mcreas^ metabolism of the 
ventricular tissues may release mcreased amounts of metabohtes which effect 
the cahber of the coronary lessels Further, the cardiac output is mcreased, 
and this, as we have seen, results m an mcrease m coronary flov m the mtaot 
animal 

Anemia We ore not familiar wth expenmental studies of the effect of anemia 
on the coronary circulation One might predict that m moderate nnamm the 
decreased oxygen carrying capacity of the blood would bo compensated by the 
mcreased flow rcsultmg from the decreased viscosity of the blood and the m- 
creased cardiac output which occur pan passu With severe anemia, however. 
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the cardiac tissues would become anoxic and despite the resultant vasodilation, 
myocardial damage would occur Such changes have been observed chmcally 
(128) 

Myocardial Ischemia After temporary occlusion of a coronary artery, an 
mcreaae m coronary blood flow follows almost immediately Gregg and Gieen 
(68, 87) observed the mcrease dunng both systole and diastole whether the 
heart was perfused at a constant or a pulsatile pressure In the heart in situ, 
ischemia mcreased blood flow despite a fall m aortic blood pressure, mdicating 
that peripheral resistance to flow decreased both m systole and diastole Ex- 
periments of Katz and Lindner (124) demonstrate that this decrease m pe- 
ripheral resistance after ischemia was due at least partly to vasodilation The 
mcrease m coronary flow after ischemia is profound As short a period of ische- 
mia as 3 to 5 seconds mcreased coronary flow (70), and periods as long as two 
min utes caused a subsequent mcrease m coronary flow of as much as 350 per cent 

The great mcrease m coronary flow after temporaiy myocardial ischemia may 
be due to the accumulation of metabohtes either normally removed by the blood 
or oxidized locally Katz and Lmdner (125) suggested that thi scoronary vaso- 
dilation may serve to mcrease the blood supply when myocardial needs are not 
met by the existmg coronary flow Perhaps m man this vasodilation may 
modify the effects of the relative ischemia which may appear durmg such episodes 
as exercise or angma pectons 

Collateral Circulation Studies of the human heart at autopsy have demon- 
strated that an extensive collateral circulation may develop to compensate for 
the gradual narrowmg of the coronary arteries by arteriosclerosis (20) Only 
recently have similar anastomotic connections been established experimentally, 
for the gradual restriction of the circulation which occurs m human disease is 
difidcult to duphcate The usual experimental procedure is to occlude a coronary 
arterial branch partially or completely This slows or stops the cuculation at a 
smgle pomt Actually, m man, complete closure of a coronary vessel when it 
occurs IS almost always preceded by a prolonged period durmg which the vessels 
have been narrowed by artenosclerosis , 

Potentially, extensive anastomotic connections exist m the heart Spalte- 
holtz (180) demonstrated connections among the vanous coronary arteries, 
usmg dye techmques, and this has been corroborated by Prmzmetal and his 
associates (163) More recently, Blumgart, Schlesmger and Davis (20) ob- 
served that m the normal human heart, regardless of age, these anastomoses are 
among vessels smaller than 40 micra m diameter, that is, chiefly among capil- 
lary and pre-capillary vessels Weam and his associates (199) described con- 
nections between the coronary artenes and the lumen of the heart directly 
through “arterio-lummal” vessels and mdirectly through myocardial smusoids 
The coronary bed is also connected with the cardiac lumen by Thebesian vessels 
In addition, m the human heart, extracardiac anastomoses normally exist with 
the blood vessels m the fat at the base of the heart (116) 

As Wiggers (210) stressed, the mere existence of these anastomoses does not 
mean that they are functionsJly adequate Pratt (162) was able to sustam the 
contractions of a cat heart by retrograde flow through coronary veins or The- 
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besmn vessels However, the cat heart can be mamtomed with a minim al blood 
supply, and mdeed Pratt noted that virtua^y no blood circulated m his ex- 
periments Further, m these studies, no load was placed upon the heart If 
an adequate collatettd circulation exists normally, one would e-cpect that after a 
coronary artery is ligated, peripheral to the hgature, blood would flow m a 
retrograde direction from other coronary vessels or the ventricular cavities 
Actually, Eckstein, Gregg and Pntchard (36) observed that after occlusion of a 
large coronary artery m the dog the retrograde flow was only 0 5 to 5 8 cc per 
mmute, which is much less than normal When all the coronary arteries were 
hgated, virtually no retrograde flow could be measured distal to the ligatures 
(181) That 13 , virtually no blood reached the ventricular muscle through 
those vessels which connect the coronary vascular bed with the ventricular cavi- 
ties. 

In acute expenments the small retrograde flow distal to the pomt of occlusion 
of a coronary artery is not adequate to mamtam ventncular muscular con- 
traction Tennant and Wiggars (188) reported that ventncular muscle ceased 
to contract withm as short a tune as one mmute after the artery supplymg it was 
occluded. Although a collateral circulation may be present m the dog heart 
(19, 176), Beck and Mako (16) found that the mortahty rate after ligation of 
the descending branch of the left coronary artery was SO per cent 

When the coronary occlusion is not fatal, new collateral chaimels develop to 
nourish the ischemic tissues Wiggers (210) descnbed three types of such 
compensatory anastomoses New mtercoronaiy communications may develop, 
extracardiac commumcations may form, and the arteno-luminal channels may 
enlarge Eckstem, Gregg and Pntchard (35) observed that retrograde flow 
distal to the hgation of the descendmg branch of the dog’s left coronary artery 
mcreased, for example, from 3 4 to 0 8 cc per mmute ivithm 48 hours, and to 18 
cc per mmute withm a week None the less, it was seven weeks before con- 
traction was noted m the muscle formerly supphed by the occluded vessel 
After partial or gradual occlusiou of a coronary artery, an extensive collateral 
circulation may develop which will protect the mvolved area from subsequent 
complete occlusion of the prmcipal artery hlauta and Gregg (90, 144) studied 
the coronary cuculation of the dog 2 to 12 months after progressive occlusion of 
the right or the cucumfle.\ or descendmg branch of the left coronary artery 
In many dogs, suflicient collateral cumulation developed to mamtam essentially 
normal myocardial activity m the zone previously made ischemic Flow m the 

arteries distal to complete occlusion averaged 30 to 40 cc per mmute The blood 
was arterial m composition and apparently adequate to mamtam contmction of 
the muscle normally supphed by the occluded arteiy Part of this new collateral 
flow u-as from other, unoccluded coronary artenes Apparently, howe\ er, blood 
reached the ischormo area through other channels as well Probably some came 
through arteno-Iumuml vessels from the ventncular cavity rVnd, as Robertson 
(170) observed m dogs m which the coronary artenes had snmlarly been occluded 
riowly, extracardiao vascular channels may develop through the pencardium to 
the heart 

Blumgort and his associates (19) studied the development of collateral cir- 
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culation after coronary occlusion in the young pig When the right coronary 
artery or the descending branch of , the left was narrowed to the point where the 
lumen was less than 15 pei cent of its original diameter, the pig died mthm a few 
hours After less drastic constnction, a collateral circulation developed rapidly, 
demonstrable by the mjection of dyes mto the arteries 3 hours to 7 days later 
Withm this time complete occlusion of the coronary artery still resulted m 
immediate death However, 12 days after coronary arterial narrowing, a nch 
anastomotic circulation had developed between the major coronary artenes, and 
complete occlusion of the ongmally narrowed artery was no longer followed by 
myocardial infarction and death This development of an extensive collateral 
circulation m the presence of coionary arterial constriction is stnkmgly similar 
to that observed m human hearts post mortem (20) Presumably, when coronary 
artenal narrowing occurs, a compensatory anastomotic cuculation develops 
which may be adequate to mamtam the myocardium under ordmary conditions, 
and mdeed after a subsequent complete occlusion, though with a diminished 
reserve 

To merease the collateral cuculation subsequent to a narrowing or occlusion 
of the coronary vessels, various expedients have been used These mclude the 
administration of vasodilator drugs, hgation of the venous drainage of the heart, 
and anastomosmg various tissues to the heart 

Once coronary occlusion has occurred, httie evidence exists that the admin- 
istration of drugs will assist materially the estabhshment of adequate anasto- 
moses Manning, McEachem and Hall (141) beheved that concomitant with 
coronary artenal occlusion, vasoconstriction occurs m the umnvolved coronaiy 
artenes They observed that the mortahty of dogs after coronary artenal 
occlusion was reduced by fully anesthetizmg the animals (145) Sectiomng the 
stellate gangha (25) and upper five thoracic gangha on the left or bilaterally 
(146) also decreased mortahty When one coronary artery was bgated, coronary 
flow was reduced m an umnvolved coronary artery m the normal dog, but not m 
the ganghonectomized dog Further, LeRoy and his associates (134) observed 
that atropme, which blocks the transmission of parasympathetic impulses, re- 
duced the immediate mortahty of dogs after coronary artenal hgation 

Fowler, Hurevitz and Smith (52) beheved that ammophylhne decreased 
muscular cyanosis and the size of the subsequent mfarct distal to the hgation of 
a coronary artery Theobromine sodium acetate administered parenteraUy has 
been reported to reduce immediate mortahty m dogs subsequent to hgation of a 
coronary artery, but ammophylhne was without significant effect (134) Papav- 
enne is said to decrease mortahty after coronary artenal hgation from 75 to 60 
per cent (146) All these drugs may act by reducmg the degree of vasoconstnc- 
tion of the unaffected coronary vessels, and papavenne, m addition, may have a 
sedative effect (146) On the other hand. Gold, Travell and Modell (62) ob- 
served that ammophylhne did not influence favorably the size of infarcts m the 
cat Wiggers and Green (211) were unable to demonstrate any favorable effects 
from the inhalation of oxygen, carbon dioxide or amyl mtnte, or from the in- 
travenous administration of mtntes, vanous theophylhne preparations, adenylic 
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acid or p^rprinlin Nor did quinidine Bulfato (177) significantly, affect mortality 
after coronary arterial ligation In general, the evidence that drugs can m- 
fluence the development of myocardial infarction after coronary artenal occlusion 
IS equivocal at best (22) 

Ligation of the coronary smus or coronary veins has been suggested aa a means 
of mcreasmg the blood supply to an area rendered ischemic by artenal occlusion 
(100, 170, 191) Clmically, angina pectons is frequently alleviated wth the 
onset of congestive heart failure aa the coronaiy venous pressure rises (191) 
Robertson (170) reported that occlusioa of the pnnciple venous drainage of the 
heart protected 3 of an unspecified number of dogs from the effects of occlusion 
of all the coronary artenea Large collateral channels formed with extracardiac 
vessels, apparently the Thebesuin vessels did not contnbute to survival Gross 
and his associates (100) did not observe a reduction m immediate mortahty after 
occlusion of the left coronary arteiy when the coronary smus was hgated first, but 
the sire of the resultant infarct was decreased Partial occlusion of the coronaiy 
smus lowered the mortahty after subsequent occlusion of the descendmg branch 
from 63 to 31 per cent as well as decreasmg the size of the infarct 
In a large senes of dogs. Beck and Make (16) observed that occlusion of 
smus or great coronary vem a week or more before ligation of the descendmg 
branch of the left coronary arteiy lowered the mortahty rate from 80 to 64 per 
cent A greater degree of protection was reported by Fauteux (48) when the 
mterval between hgation of the pnnciple cardiac venous drainage and hgation of 
the descendmg branch of the left coronary artery was prolonged to a year 
Unhke Gross and his associates (100), Beck and Mako reported that venous 
occlusion Itself was virtualy without mortahty Further, after partial coronary 
artenal occlusion, the resultant mfarot seemed to be somewhat smaller if the 
mam coronary venous channels were simultaneously occluded Gregg and his 
associates studied the effects of coronary smus hgation on coronary flow In 
acute experiments simultaneous hgation of the coronary smus mcreased retro- 
grade flow distal to a coronaiy artenal ligature from one to as high as 39 cc 
per mmute (83) That is, simultaneous hgation of the coronary smus increased 
the blood supply to the ventnole after coronary artenal hgation However, 
the blood which flowed distal to the hgature was deeply venous, contaimng 
only 3 to 4 volumes of oxygen per 100 cc of blood, a concentration msuflacient 
to support ventncular contraction Therefore the myocardium distal to the 
hgature qmckly lost its abihty to contract Nor did hgation of the cardiac vem 
prevent loss of contractihty by the ischemic area Gregg and Dewald (81) con- 
cluded that acute occlusion of the major portion of the heart’s venous drainage 
does not aid the coronary circulation 

The mcreased retrograde flow observed m acute expenments did not occur if 
tho veins were hgated some time before the artery (190) Immediately after 
coronary smus hgation tho cardiac venous pressure rose, for example from 14/6 to 
64/12 mm of mercury Withm a month, however, the pressure fell to 20/10 
^ of mercury, presumably because other venous channels were able to reheve 
tho oxcessivo pressure. When a coronary artery nas now occluded, the ret- 
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rograde flow distal to the occlusion was at most 6 cc per minute, compared to 
39 cc if the coronary smus and artery were occluded simultaneously The 
myocardium distal to the hgature ceased contraction withm 30 seconds None 
the less all the dogs subjected to this two stage operation survived, although 
most dogs m which arterial hgation alone was performed died Thirty days 
after the second operation the myocardium distal to the hgature was observed 
contractmg, and retrograde flow had mcreased to 42 cc per mmute of oxygenated 
blood Although the clmical significance of these experiments is not clear, one 
must conclude that coronary smus occlusion precedmg arterial hgation improves 
coronary blood flow Interestmgly enough, coronary occlusion is said to be 
uncommon m patients with rheumatic heart disease (99), perhaps because of the 
chromcally elevated venous pressure m these patients These experiments do 
not suggest that hgation of the coronary smus would be of value once myocardial 
infarction has occurred The value of such an operation m the patient with 
angma pectoris who has not yet had obvious infarction is debatable Fauteux 
and Palmer (49) observed rehef of pam m 6 patients with angma pectoris m whom 
the great cardiac vem was hgated just below the coronary smus, but the ul- 
timate course of these patients was not descnbed 
A third method of improvmg the coronary cuculation is the establishment of 
new anastomotic connections between extracardiac and coronary blood vessels 
The experimental basis of such procedures has been reviewed cntically by 
BurcheU (24) Robertson (170) descnbed the development of anastomotic 
branches from the pencardium subsequent to slow experimental coronary 
occlusion m the dog, and Montz, Hudson and Orgam (81) observed sunilar com- 
mumcations m the human heart Such extracardiac anastomoses may be pro- 
duced surgically m the dog heart by various techmques Beck and his as- 
sociates (14, 17) established commumcations between coronary and extracardiac 
vessels by anastomosmg fibrous pencardium, pencardial fat, the skeletal muscle 
of the chest wall, or the omentum to the myocardium These com m u m cations 
could be shown to be patent by mjection of dye or radio-opaque matenal The 
development of collateral vessels was enhanced by partial occlusion of the cor- 
onary arterial cuculation Subsequent to the establishment of the new cu- 
culation, occlusion of the coronary artenes m several stages did not produce m- 
farction More important, the mortahty subsequent to complete hgation m one 
stage of the nght or descendmg branch of the left coronary artery was stnkmgly 
diminished Although BurcheU (24) questioned the efficacy of such anastomo- 
ses m dogs, theu value was confirmed by Anrep (2) who sutured the dog’s trian- 
gularis sterm muscle to the myocardium, and by O’Shaughnessey (156, 157) 
and Rienhoff (168) who jomed omentum to the myocardium A coUateral 
cuculation may also be established by suturmg the lung to the heart (159) 
The coUateral cuculation established by mducmg adhesions between the heart 
and sturoundmg structures by the mtroduction of foreign imtants may also act 
as protection against coronary arterial hgation m the dog Thus vascular 
adhesions between the heart and surroundmg structures have been descnbed 
after mtroduction of aleuronat (109, 110, 159), asbestos (173) or talc (189) 
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Extensive studies of Schildt, Stanton and Beck (173) indicate the probable 
superiority of powdered asbestos 

It IS beyond the province of this paper to discuss the clinical value of operations 
designed to improve the coronary circulation Stneder (186) recently re- 
viewed the results of such operations Tho pectoral muscles (14) or omentum 
(168, 187) have been sutured to the myocardium The latter procedure may be 
comphcated by diaphragmatic hernia Or foreign substances have been m- 
troduced mto the pericardial cavity to mduce a collateral circulation between the 
heart and surroundmg tissues (15, 180, 189) Although symptomatic rehef 
may follow these procedures (60, 189), the operative mortahty rate is relatively 
higVi The rOle of surgery m the rehef of coronary arterial msufficiency is yet to 
be determmed 

In summary, numerous potential anastomotio connections exist m the heart. 
These are madequate to supply the myocardium subsequent to sudden complete 
coronary arterial occlusion However, after gradual arterial occlusion, these 
collateral vessels dilate and then may protect against a subsequent complete 
occlusion Drugs ore of questionable value m mcreasmg the volume of col- 
lateral circulation Experimentally, occlusion of the prmciple coronary venous 
drainage previous to arterial occlusion, or anastomosis of extracardiao and 
coronary blood vessels, may improve the coronary circulation. The chmcal 
utihty of these procedures ha,s not yet been established. 

SUMUAET 

Blood flow m any organ is mversely proportional to the penpheral resistance 
and proportional to the head of pressure, i e , pressure at the mouth of the 
artery Penpheral resistance is a function of the state of constnotion of the 
arterio-capiUary tree, the viscosity of the blood and, to some extent, of the 
pressure at the venous end of tho capillones 

The circulation of the heart differs from that of other organs Numerous 
anastomoses e.\ist between the coronary vessels and the ventncular cavity 
The penpheral resistance to flow vanes throughout the cardiac cycle as tho 
ventncular muscle contracts and relaxes. Accurate measurement of coronary 
flow IS most difficult No method is available to measure the flow through the 
coronarj capillanes themselves Measurement of coronary smus outflow, a 
widely used techmque is inadequate because this is not a constant fraction of 
total coronary flow The outflow of the pulmonary artenes may be used as a 
measure of coronary flow m the perfused, isolated heart, and heart-lung prep- 
aration, but not m tho mtact ommal In the latter the most accurate tech- 
mquo available is to measure coronary arterial mflow, either with a thermos- 
tromuhr, a rotameter or an orifice plate meter, details of which have been 
described To learn the responses of the mtact animal, coronary flow must bo 
studied tn stlu The factors determimng these responses may be analyzed m 
the isolated heart or heart-lung preparation However, discretion must be 
used m transferring information from artificial preparations to the mtact ommal, 
from species to species, and even among mdividuals of the same species 
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Apparently reliable studies indicate that the nunute volume of coronary 
blood flow m the quietly beatmg heart is about 60 to 175 cc per 100 grams of 
heart per mmute About one fifth flows through the right coronary artery, one 
half through the cucumflex branch and the remamder through the anterior de- 
scendmg branch of the left As m other organs, blood flow is directly dependent 
upon arterial pressure Dunng systole, the forward movement of blood is 
resisted by the contractmg ventncular muscle The flow is therefore more 
duectly proportional to diastohc rather than systohc blood pressure On the 
other hand, mcreasmg coronary venous pressure decreases inflow particularly 
mto the left coronary artery An mcrease m rate of the denervated heart m- 
creases coronary flow if the mitial rate is slow, is without effect m the middle 
range, and decreases flow at high rates Although reflexes modify this m the 
mtact animal, clinical tachycardias may impair coronary flow seriously As- 
phyxia and anoxia profoundly mcrease coronary flow, probably bceause of the 
accumulation of normally oxidized vasodilator metabohtes and because of 
changes m heart rate, blood pressure and the strength of ventncular contraction 
In the denervated heart cardiac output per se does not influence coronaiy 
flow However, flow durmg systole vanes mversely with the strength of ven- 
tncular contraction because of the concomitant compression of the coronary 
vessels Therefore coronary flow is impeded at the end of systole It mcreases 
rapidly early m diastole as ventncular compression of the vessels diminishes, 
only to decrease agam as the aortic pressure falls Coronary artenal flow agam 
mcreases as the aortic pressme rises early m systole Smce left ventncular 
contraction is stronger than nght, the systohc restnction of flow is greater m the 
left than the nght coronary artery, and mdeed, with vigorous contractions may 
be sufficient at the end of systole to stop flow momentarily On the other hand; 
coronary smus outflow is maximal dunng ventricular systole and is sharply 
reduced or ceases dunng diastole The coronary venous blood returns to the 
lumen through several routes The major portion of the flow from the left 
ventncle drains through the coronary smus, and that from the nght, through 
the antenor cardiac vems mto the nght auncle However, the proportion 
drainmg through each vessel vanes considerably Under ordinary conditions 
httle blood reaches the lumen through the Thebesian veins and smusoidal 
vessels When nght mtraventncular pressure is high relative to coronary 
artenal pressure, retrograde flow may occur, but is probably of httle importance 
smce the oxygen content of nght ventncular blood is low 

The cahber of the coronary blood vessels is under the control of the autonomic 
neiwous system The close anatomic association between the sympathetic and 
parasympathetic nerve trunks makes study of the effects of nervous stimulation 
or section difficult Acetylcholine, the parasympathetic neurohumor, mcreases 
coronary flow m the dog, but its action m cat and rabbit hearts is not certam 
Sympathomimetic adrenalin mcreases coronary flow m the mtact, innervated 
dog heart, and apparently dilates the coronary artenes of most species In cats 
and man adrenalin mcreases coronary flow 

The effect of vagal stimulation on the cahber of the coronary vessels is not 
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clear In the fibnllatmg heart the vagus dilates the vessels, as it does elsewhere 
m the body In the isolated beating heart and the mtaot annnal the coronary 
vessels are constricted The effect of sympathetic nervous stimulation vanes 
m the fibnllatmg heart, but m the isolated beatmg heart, the heartrlung prep- 
aration and the mtaot ammal coronaiy blood flow is mcreased. In the dog the 
vagi are m a state of contmual tome activity regulatmg coronary flow, but 
apparently sympathetic tone is negligible Corre^ndingly, parasympathetic 
nerve fibers ramify to reach the smallest fibers, whereas few sympathetic fibers 
extend beyond the larger vessels These experiments do not elucidate the degree 
of tome nervous control m man 

In general, weak stimulation of afferent nerves mcreases, and stronger stunu- 
iation decreases coronary smus outflow Distention of the stomach or pen- 
toneal cavity usually decreases coronary arterial flow, perhaps accountmg for 
post-prandial anginal pam Exercise, cutaneous pam and coohng of the skm may 
mcrease flow, but apparently not enough to compensate for the concomitantly m- 
creased cardiac work, for these stunuh may mduce angmal attacks A rise m 
cerebral blood pressure diminshes, and a fall mcreases coronary flow, an effect 
apparently mediated through the carotid smus 
The pharmacologic action of vanous drugs upon the coronary cuculation 
has been studied extensively but m most instances the concentrations of drugs 
used were far out of proportion to those hkely to reach the human heart and the 
effects of rate, heart volume and arterial pressure were not controlled Varia- 
tions m the response of different species and among mdmduals of the same species 
must be stressed In concentrations comparable to those used clini cally, the 
mtntes, papaverme, ephedrme, atropme and perhaps morphme mcrease coronary 
flow The xanthmes, coramme and metrazol mcrease coronary flow only m 
concentrations far greater than those used therapeutically Pituitrm and its 
pressor pnncipal pitressm cause severe and prolonged coronary vasoconstriction 
Digitalis and aUied compounds are without effect m non toxic doses, but de- 
creases coronary flow m toxic concentrations Qumidme does not affect coronary 
flow Histamme mcreases coronary flow m human, dog and cat hearts, and 
decreases flow m gmnea pig and rabbit hearts, parallehng the effect of anaphyhuos 
m the last three species 

The coronary blood flow of chromcally hypertensivo animnla hna not been 
studied In acute exponmenta, coronary flow mcreases as the blood pressure 
mcreases Evidence concemmg the action of angiotomn and remn on coronary 
flow 13 conflictmg In experimental hyperthyroidism, coronary flon mcreases 

An hypothesis may be attempted to explam the genesis of congestive heart 
failure Congestive failure may occur when the coronary blood supplj is 
insufficient relative to demand The left x entncle can accommodate an increased 
load of work for long penods When it fads, pulmonary arterial pressure rises 
At first this results m an mcrease m coronary flow particularly through the light 
coronary artery, possibly mediated reflexly Mflien pulmonary arterial pressure 
rises sufficiently relative to aortic pressure, coronary flow through the right 
ventnolo is impeded and right ventricular failure rapidly ensues 
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In experimental aortic stenosis, ventncular contraction is more vigorous thf^.n 
normal, and coronary flow is reduced, particularly durmg systole On the other 
hand, m aortic insufficiency and arterio-venous fistula, the flow is sharply reduced 
durmg diastole, as the blood pressure fails Coronary flow m mitral stenosis 
has not been studied experunentally One would expect, as pulmonary artenal 
pressure mcreases, an mcrease followed by sharp restriction of right coronary 
artenal flow, and nght heart failure 

Temporary myocaidial ischemia is followed by vasodilation and a profound 
mcrease m coronary blood flow As the coronary aitenes narrow m disease 
states, a compensatory collateral circulation may develop Although these 
channels do not function normally, potentially extensive anastomoses are present 
between the vanous coronary artenes, between the coronary vessels and the 
ventncular lumen, and between the coronary and extracardiac vessels After 
gradual artenal occlusion these channels may dilate and protect the heart against 
a subsequent complete occlusion Drugs are of questionable value m mcreasmg 
the volume of collateral circulation Experimentally, occlusion of the prmcipal 
coronary venous drainage previous to artenal occlusion oi anastomosis of extra- 
cardiac and coronary blood vessels may improve the coronary circulation The 
chmcal utffity of these procedures has not yet been established 

The authors wish to express their gratitude to Drs Wm. Dock, R W4gna, 
J H Crawford and David Seegal for readmg the manuscnpt and offenng valuable 
advice and cnticism 
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INTBODUCTION 

Toxoplasma is generally regarded as a protozoan parasite, although its exact 
classification is as yet not defimtely determined The microorganism was first 
descnbed by NicoUe and Manceaux (49) m 1908 m the gondi, a North African 
rodent, and mdependently m the same year by Splendore (81) from Brazil in the 
rabbit Toxoplasma has been confused with other protozoan parasites, partic- 
ularly Encephahtozoon, Leishmama and avian malaria 

Smce its ongmal descnption over thirty years ago, spontaneous infections with 
Toxoplasma have been reported m a large number of species of mammals, reptiles 
and birds from many parts of the world, mcludmg every contment It was not 
until 1923, however, that Jankd (28) reported the first instance of human in- 
fection The disease occurred m an infant as an encephalomyehtis with chonore- 
tmitis Jankd descnbed the microorganism but was unable to identify it 
Subsequent morphologic studies (98) have established the identity of Jankfl’s case 
and it IS now accepted as the first reported case of human toxoplasmic infection 
The second case of human infection with Toxoplasma was reported by Torres 
(87) m 1927 The disease occurred m an infan t and at that time the parasite was 
classified as an encephahtozoon, although Toxoplasma was considered In 1937 
Wolf and Cowen (97) descnbed the third case with complete cluneal and patho- 
logic studies The disease m this case occurred m an infant who had internal 
hydrocephalus, temperature elevation, a rapid pulse, hyperactive reflexes, 
convulsive seizures and bilateral chonoretimtis that was restneted to the region 
of the macula Pathologic study of the bram, the spmal cord and the retina from 
both eyes disclosed many granulomatous lesions m these tissues contaming intra- 
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and extracellular imcro6rg(misms morphologically sumlar to Toxoplasnm. Two 
years later the same authors coUaboratmg with Paige (911, 100) described a case 
with similar chmcal manifestations In this instance the microOrgamsm was 
recovered by the mtracerebral moculation of rabbits and mice with tissue re- 
moved from the bnun at autopsy Subsequent unmunologio studies showed 
cross-unmumty with a known stram of Toxoplasma previously isolated from 
laboratory nnimals and conclusively proved the identity of the parasite Care- 
ful comparative studies of the recovered organism inth those observed m the 
previously reported chses established without question the identity of the 
causative agent 

Smce the report of Wolf, Cowen and Paige (100) fifteen other cases of human 
mfection with Toxoplasma having pathologic study have appeared in the hter- 
ature, m akin g a total of eighteen cases to date * Thirteen have occurred m 
mfants, one m a child 0 years of age and four m adults In four instances 
Toxoplasma was recovered and identified biologically by moculation of the dis- 
eased tissues mto laboratory animals The other fourteen cases have had mor- 
phologic studies m which the organisms have been identified m tissue sections. 

In 1940 Pinkerton and Weinman (62) reported a fatal case of toxoplasmic 
infection occurrmg m a 22-year-old Peruvian laborer The clinical and patho- 
logic observations were obscured by a concomitant infection with Bartonella 
baoiUifomus A year later Pinkerton and Henderson (63) described two addi- 
tional oases of toxoplasmosiB, both ocoumng m adults The disease m each case 
occurred as an acute febrile disease with a maculopapular rash mvolvmg the 
whole body except the scalp, the palms of the hands and the soles of the feet 
Death occurred m slx days m one instance and m eighteen days m the other 
The olimcal course observed m both patients stnkmgly resembled the typhus- 
spotted fever group of diseases They suggest that ticks might be the vector of 
the disease smce a history of tick bites was obtamed from each of the patients. 

In 1940 Sabm (71) descnbed a fatal case of clmically atypical encephahtis m a 
SIX year-old child The outstandmg chmcal features were generahied con- 
vulsions, fever, pleocytosis and disorientation without sigiis of memngeal m- 
volvement Inoculation of a fresh suspension of bram tissue produced tox- 
oplasnuo infection m white mice and the organism was foimd in sections of the 
bram of the patient after a long search 

Recently we have had opportumtj to study a case believed to be the infantile 
typo of toxoplasmic encephalomyehtis. Followmg this stimulation to our 
mterest m the subject, the 10,000 autopsies recorded m this department were 
reviewed with the purpose of identifying other cases of this disease not previously 
recognized Our search was reworded by the findmg of five cases, none of which 
had been previously recognized as Toxoplasma mfections These cases were 

* Sinw the proparatioo of this manuecnpt there have beea reported 2 more probable 
cAftea of hu m a a tozopUiBinoAif occurnog m adults 

1 TouraLmBOx, W J Humaa chrome toxoploBmoBiB [Am J Cha Path IB 123, llMi 

2 Ke^, B H and Gbocott, R G Sarcoipondrooia or toioplaamoils in mau and 
guinea pig Am J Path 21 487, 1045 
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l^ted under such, diagnoses as “chronic meningitis,” “syphihtic memngitis” and 
“encephalomalacia with calcification ” Although Toxoplasma has not been 
biologically identified m any of the cases, microorganisms morphologically 
similar to Toxoplasma have been demonstrated m tissue sections m character- 
istic lesions m the central nervous system This we feel is sufficient evidence 
unequivocally to establish the disease as toxoplasmosis The present report is a 
clmicopathologic study of these five cases In order to broaden the study and 
better evaluate the problem of this relatively new and mterestmg human pro- 
tozoal disease all of the previously reported cases of toxoplasmosis have been 
collected and reviewed 


n. REPORT OP CASES 

Case I MB (Children’s Hospital, St Louis, Mo , ^ F-1600) a three-day-old 
white female infant was admitted to the St Louis Children’s Hospital on August 
4, 1929 and died the same day 

Cht^ complaints’ Those given by the parents were bleedmg from the navel, 
mouth, and rectum 

Family history The patient’s mother was 21 years old, the father 24 years 
of age Both were m good health There was another child m the family, a boy 
aged 20 months who was reportedly normal and m good health There was no 
family history of tuberculosis, syphilis or diseases usually considered as familial 

Past history The child was a full term infant dehvered spontaneously by a 
midwife and weighed poimds at birth Cyanosis was noted at birth but the 
child responded well to resuscitation 

Present illness The patient had been spittmg small amounts of blood since 
birth and had alwa.ys passed a small amount of blood with her stools On the 
day of admission her navel began to bleed necessitatmg the apphcation of three 
or four dressmgs It was also noted that the patient had been jaundiced smce 
birth and that she had many purpunc spots over the entire body 

Physical examination At the time of entry to the hospital the infant was 
fairly weU developed, was mtensely jaundiced and had numerous small purpunc 
spots on the ahin The circumference of the head was 34 5 centimeters The 
shape of the head was normal and the anterior fontanelle was 2 6 centimeters 
m width The postenor fontanelle was opened and measured 1 cm m diameter 
A purulent discharge was noted m both eyes and there was a small amount of 
blood m the mouth The ears and" nose were normal The chest was 
symmetncal and the expansion was equal on both sides Vesicular breath 
sounds and normal resonance were heard over both lung fields Exammation of 
the heart was negative The abdomen was shghtly distended and there was a 
small amount of blood oozmg from the umbilicus All of the reflexes were equal 
\ and present and no pathologic ones were ehcited The clmical diagnosis at that 
time was hemorrhagic disease of the newborn Because this diagnosis was made 
on admission 40 cubic centimeters of whole blood from the father were given to 
the infant m the admittmg room Later the same day a second tranfusion of 
60 cubic centimeters of whole blood was given m the ward The patient died 
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duimg this second transfusion Urmalysis and blood counts were not per- 
formed The patient’s temperature was always subnormal, varymg from 
36 4'’C to36 8°C 

Autopsy Washington University Autopsy ^ 3846 The body was that of a 
white female mfant w eighing 2 6 kilogtams and measuring 45 cm. m length 
The slnn and sclerae were markedly loteno and there were numerous large 
ecchymobo spots over the enbre body, which were most promment on the face, 
neck and upper thorax. A small amount of sangumeoua flmd was present m the 
nose and m the mouth The antenor fontanelle was closed but there was con- 
siderable bulging m this area Several partially healed puncture wounds were 
noted m the region of the antenor fontanelle All of the superficial lymph nodes 
were palpable and pro minen t The abdomen was moderately distended The 
stump of the umbilical cord had not been removed, it was dry and crusted with 
dark red blood The hver was enlarged and extended 4 cm below the costal 
mnr gm The Spleen was enlarged and there were many fine fibrous adhesions 
between the spleen and the adjacent viscera The pentoneum contamed many 
foci of hemorrhage and all of the abdominal viscera were discolored a hght 
yellow There was no free flmd m the pleural cavibes but there were numerous 
subpleural hemorrhages Small focal areas of atelectasis were seen when the 
lungs were secfaoned The spleen weighed 60 grams and on section the mal- 
pighian bodies were poorly visualised Examinabon of the gostromtestmal 
tract revealed focal hemorrhages m the mucosa of the stomach and of the small 
and large mtestmea They were most numerous m the region of the cecum and 
the ascendmg colon The hver weighed 180 grams and nothmg remarkable was 
noted on secbon except its mtense yellow color 

When the calvarium was removed and the dura mater opened, a large amount 
of yellow flmd escaped under pressure Gross examinabon of the bram disclosed 
a marked loss of bram tissue m the cerebral hemispheres, the cortex being re- 
duced to a thm wall of tissue that m many regions measured only a few milh- 
meters m t hi c kn es s Small white nodules were noted m the subarachnoid space 
Secbona through the bram revealed a marked dilatabon of the lateral and third 
ventncles. 

Microscopic examtnaiton A secbon taken from the right kidney revealed 
several small foci of destrucbon of kidney tubules In these regions there were 
scattered lymphocytes, macrophages and occasional plasma cells. Secbons of 
lung disclosed man y focal areas of recent hemorrhage and m one area there was 
a small focus of lymphocytes and plasma cells The mterlobular septa and the 
subpleural connecbve tissue were edematous The myocardium was mfiltrated 
with small lymphocytes. These were found between the mdividual muscle 
fibers and were most promment near the epicardial surface Small clumps of 
organisms each contoinmg a defimbve nucleus and cytoplasm were found withm 
the muscle cells (Fig 0) There was no cellular reacbou immediately around the 

parasites. A secbon taken from the sm a ll mtestme disclosed many focal hemor- 
rhages mto the submucosal tissue without cellular reacbon 4 section of hver 
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showed maay large elongated masses of inspissated bile l3ang m the hver cells and 
m many instances between the hver cells The hver also showed a moderate 
amount of extramedullary hemopoiesis 

In a section of the bram taken from the markedly thmned cerebral cortex 
there was complete destruction of all of the nerve cells with only large masses of 
ghal cells remammg On the ventncular surface there was a granulomatous type 
of reaction characterized by focal accumulations of macrophages, lymphocytes 
and plasma cells In the granulomatous tissue there were numerous deposits of 
calcium In some regions there was complete calcification of the exudate, form- 
mg a large calcified mass Several small extra- and mtracellular bodies identified 
as Toxoplasma were found m the section 

Pathologic diagnoses These were toxoplasnuc encephalomyehtis, mtemal 
hydrocephalus, focal granulomas m the kidneys, inspissated bile m the hver 
cells, generalized icterus, focal hemorrhages m the skm, pleura, pentoneum, 
mucosa of the gastromtestmal tract, mterstitial pneumonia and mterstitial 
myocarditis 


Summary of case 

A three-day-old infant, who had been jaundiced smce birth and exhibited 
marked hemorrhagic tendencies manifested by purpunc spots, bleedmg from the 
mouth, navel and rectum, was admitted to the hospital and died on the same 
day At necropsy mtemal hydrocephalus, focal calcification m the bram, m- 
terstitial pneumonia and mterstitial myocarditis were the principal lesions 
Organisms morphologically identical with Toxoplasma were found m the brain, 
kidney and myocardium 


Comment 

Sufficient tune was not available for adequate chmcal study of this case but it 
illustrates some of the manifestations which a severe infection of this type may 
produce The hemorrhagic tendencies noted are not infrequently encountered m 
infants with toxoplasmic infection The exact mechanism of the bleedmg is not 
clear but it is probably a combination of two distmct phenomena The first is 
the destraction of the cellular elements of the blood and suppression of their 
formation m the bone marrow, particularly of red blood cells and platelets The 
second is the action of the parasite on the blood vessels, prmcipaUy the capillaries 
Toxoplasmas have frequently been identified withm the endothehal cells of blood 
vessels, particularly the capdlaries and small artenoles and venules Jaundice is 
a not infrequent occurrence m infants with severe widespread mfections The 
lesions m the lungs and myocardium and the identification of parasites m the 
kidney give supportive evidence that the infection was generalized and not con- 
fined to the central nervous system Evidence is also present to enable us to 
concur with the observations of Wolf, Cowen and Paige (102) that the mception 
of the disease may occur m utero The nature of the pathologic changes observed 
m the central nervous system consisting of widespread destruction of bram sub- 
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Stance with ghosm and calcification clearly indicate thafithe leaons were present 
and active before birth 

Case JI (Children’s Hospital, St Louis, Mo , XK-2532) a seventeen- 

day-old white male infant was first admitted to the St Louis Children’s Hospital 
on November 19, 1934 and was discharged November 27, 1934 
Chief complaints The infant hod been jaundiced and had vomited frequently 
amce birth 

Faimly htstory The mother and father were hvmg and well There had been 
a sister who died of dysenteiy at ten months of age A second sister, now two 
years old, was hvmg and m good health The child that died also had jaun- 
dice which cleared up in two to three weeks after buth. There was no histoiy 
of chrome illness or familial disease 

Present iflneM The vomiting had become much worse durmg the four days 
prior to admission to the hospitaL In the opimon of the infant’s mother the 
jaundice had become progressively less severe smee birth The bowels had moved 
two or three tunes a day It was stated that the infant vomited foUowmg each 
feedmg and that vomitmg was of the “projectile type ” There had been no 
chills, fever or convulsions. The infant was breast fed until four days before 
admission, at which tune he was given cow’s milk and Karo formula 
Physical eseatnviatwn Inspection disclosed an intensely jaundiced seventeen- 
day-old infant who was acutely ill and lymg listlessly m bed. The child would 
cry out at infrequent mtervals Kespimtions were of the Cheyne-Stokes type 
with several irregular deep breaths followed by long penods of apnea Durmg 
the examination the baby stopped breathmg, became cyanotic and the ex- 
tremities became rigid. Carbon dioxide and oxygen were administered and 
immediately restored the respirations The child was extremely pale and the 
skin was loose and had poor turgor The head appeared nor mal and both 
fontanelles were open The antenor fontanelle was tense and bulged shghtly 
'The lymph nodes were not palpable The conjunctivae were mtensely yellow 
Several ecchymotic spots were noted on the hard palate ELvamination of the 
ears, nose, lungs and heart revealed no abnonnahties The hver was palpable 
two fingers’ breadth below the right costal margin, but the spleen was not palpable. 
There were ecchymoses on the inner aspect of the left ankle and on the right arm 
about the elbow The neurologio examination showed hyperactive reflexes but 
no signs of memngeal irritation. 

Laboratory findings The unne exammed on admission had a deep yellow color 
but all other determinations were negative The red blood cell count on ad- 
mission was 3 04 milhon, the white cell count was 60,000 The differential count 
showed 2 juveniles, 19 stabs, 42 segmental, 37 lymphocytes and 10 monocytes. 
Many nucleated red blood cells and basophilic stainmg red blood cells were noted 
m the smear The tuberculm test was negative. A spinal puncture, performed 
the day of admission, revealed xanthochromic fluid but the Tandy test was 
negative The bleedmg time was 1 mmuie and the cbttmg tune IJ mmutes 
A fragihty test was jierformed and was normal 
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Course in the hospital The ckmcal diagnoses at that tune were icterus gravis 
with > secondary anemia, alkalosis and dehydration and a possible septicemia 
The neurological consultant made an additional diagnosis of mtemal hydrocepha- 
lus, probably due to hemorrhage or some^congemtal ^omaly It was stated that 
the child would he qmet for 15 to 30 minutes and then suddenly cry loud and 
forcefully for 1 to 2 mmutes A considerable amount of mucus was found m the 
throat Sixty cc of whole blood mtravenously and 400 cc of Rmger’s solution 
were given subcutaneously. The temperature was shghtly elevated the first 
three days m the hospital It was noted on the thud hospital day that the an- 
tenor fontaneUe was fuU and tense A cisternal puncture was done and spmal 
flmd was removed under greatly mcreased pressure The flmd was blood- 
tmged but the blood was beheved to be due to a small hemorrhage during the 
procedure Microscopic examination disclosed many red blood cells, half of 
which were crenated No flmd was found m the epidural space The fontaneUe 
was perceptibly softer and less fuU foUowmg the puncture On the fourth day a 
left ventricular pimcture was performed and about 12 cc of homogeneously blood- 
tmged flmd was withdrawn under shghtly mcreased pressme At this tune it was 
noted that the child had a ptosis of the left eyehd and the nght pupil was dilated 
The respuations remamed the same There was an apparent improvement m 
the child’s condition during the next few days and he was discharged from the 
hospital with instructions to return to the Children’s Hospital once a month 
Second hospital admission The child was readimtted on December 22, 1934 
with the complamt of havmg cned contmuously for four days Peculiar move- 
ments of the arms and legs had been noticed for fom days and the child had a 
shghtly elevated temperatme the day before entry It was learned that after 
bemg discharged from the hospital the child was weU and without signs or S 3 mip- 
toms for four or flve days FoUowmg this mitial penod he began to cry a great 
deal but after an mcrease m his formula he cned much less On the eighth day 
after his discharge he began havmg imusual attacks of jerkmg movements of his 
arms and legs The attacks mcreased m frequency imtil they occurred almost 
contmuously He had cned contmuously for the four days before entry and the 
day before entry had a shght generahzed convulsion The evenmg of admission 
he became cyanotic In spite of the convulsive movements and manifest dis- 
comfort the child had taken his feedmgs weU until the day of entry However, 
he had a mild upper respiratory infection for three days before his admission 
Physical examination At the tune of entry the infant was restless, cned 
much and appeared acutely fll The temperature was 40°C , the pulse rate was 
130 per mmute and the respirations 75 per min ute The child was cyanotic and 
had repeated dome convulsive movements of his upper extrermties He held 
him self extremely ngid and at tunes assumed an opisthotomc position His neck 
was stiff but at tunes it could be flexed The convulsive seizures were usually 
characterized by a generahzed hypertomcity that was most marked m the upper 
extremities where the forearms were flexed on the arms and the fists tightly 
clenched Hapid dome movements were also noted to accompany the seizures 
m the upper extremities but were never observed m the lower extremities The 
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antenor fontanelle was depressed and there was slight overriding of the parietal 
bones The posterior fontanelle was also open and depressed There was a par- 
tial ptosis of the upper hd of the nght eye, but the hd could be raised voluntarily 
by the patient The conjunctivae, comeae and solerae were clear The pupils 
were unequal, the left bemg shghtly larger than the nght The left pupd reacted 
slowly and wath small amphtude to hght The pupil of the nght eye reacted 
normally The external ocular movements were normal Exammation of the 
nasopharynx revealed no pathologic change There was no mastoid swelling or 
tenderness. The tyinpamc membranes were seen with difficulty The hght re- 
flex w as not obtamed on either side and there was a shght redness and bulgmg of 
the nght tympamc membrane but nothing unusual on the left The chest was 
symmetncal and the superficial xems were promment over the antenor aspect 
The respiratory excursions were shallow, variable m depth and of the Cheyne- 
Stokes type The respiratory rate was from 70 to 80 per imnute The chest 
w as resonant to percussion and the breath sounds were vesicular Exammation 
of the heart showed no increase m sue and the rate and rhythm were normal 
The pulse rate was 130 per mmuto and of good quahty The abdomen ivas flat 
and soft The spleen was easily palpable one finger’s breadth below the costal 
margm The hver was also palpable 2 to 3 fingers’ breadth below the costal mar- 
gm The gemtaha, e-xtremities and aU the refle-xes wore normal No patho- 
logic reflexes were ehcited 

Laboratory data Laboratorj studies done at the tune of the second admission 
revealed the unne normal, the homoglobm 82 per cent, a red blood cell count of 
•1.2 milhon per cubic milhmeter and the white blood cell count was 19,200 per 
cubic milhmeter The differential blood count was normal except for an occa 
sional nucleated red blood cell A lumbar pimcture re\ ealed xanthochromic fluid 
with 18 cells per cubic millimeter All of the cells were lymphocytes The 
Tandy reaction was one plus The clinical diagnoses were 1) possible tetany, 
2) otitis medm and 3) convulsions possibly due to birth mjury A consultant 
from Otorhmolaryngology made a diagnosis of acute purulent mastoiditis and 
on January 6, 1935 a bilateml mastoidectomy was performed Following the 
operation the patient eontmued to have an elor ated temperature and lost more 
weight m spite of the administration of subcutaneous fluids Ho \omited re- 
poatedlj and copiously The last two days before death he was completely 
bhnd Respirations became more rapid and the temperature ros6 to 41°C 
Despite supportu e measures the patient e,xpired January 26, 1935, on the thuty- 
fourth hospital day 

Vulopsy Washington University Autopsy jjdiOll was performed seven hours 
after death The body weighed 12 6 kilograms and measured 513 cm m length 
The foutanellcs were not dosed and there was unusual tension noted when the 
fontanelle was palpated The ejes were simken and the skin and sclerae had a 
pale yellow ictcnc color There was a 1 era mcision behmd each car contaimng 
a small rubber dram from w hich pundent material exuded The spleen and liver 
weighed 17 and 80 grams respectively No significant gross pathologic change 
was foimd in the hver, spleen, gastrointestinal tract or the kidnej s The visceral 
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and panetal pleurae were smooth, bnght and ghstenmg The nght pleural 
cavity contained approximately 30 cc of light amber fimd Small foci of ate- 
lectasis, charactenzed by a shght depression of the lung parenchyma and purphsh 
discoloration of the pleura, were found m tho postenor aspects of both lungs 
When the calvarium was removed a moderate amount of clotted blood without 
evidence of orgamzation was noted on the left side There w as marked thinmng 
of the cerebral cortex and ssotions through the hemispheres revealed a marked 
dilatation of the entue \ entncular system 

Microscopic examination A section of Iimg disclosed a moderate amount 
of edema of the mterlobular septa and penbronchial tissues In some parts of 
the section the alveoh were partioUy collapsed, their walls appeared shghtly 
thickened and there were scattered lymphocytes and plasma cells Dark 
brown masses of inspissated bile were noted m and between tlie liver cells One 
section taken from the spleen disclosed many large macrophages m the red pulp 
filled with a moderate amount of golden brown pigment 

A section of brom taken from the left cerebral hemisphere revealed complete 
destruction of the normal cyto-arehitectomcs of the cortex with loss of all of 
the nerve cells The normal ceUular arrangement of the nervous tissue wras 
loose and the tissue was packed with large lacuolated gitter cells, scattered 
lymphocytes and plasma cells This typo of pathologic change was particularly 
marked m the cortical graj matter, there bemg less infiltration in the subjacent 
white matter Several focal areas of a granulomatous type of reaction were 
observed Toxoplasmas were found m and around the granulomatous areas 
occurrmg in clumps surrounded by a membrane givmg the appearance of a 
“cyst wall” (Fig 13), and also occumng smglj m the brain substance (Figs 
10, 11, 12, 14) The organisms had a defimte deeply stamed nucleus and a pale 


Fia 1 CaseJso 4 Crosa aectioa of the epioal cord from a lower lumbar segment shoTN- 
ing extensive myelomalacia The grtw matter and large amounts of the adjacent white 
matter have been Largely destrojed Hematoxylin and eosin stain X 60 
Fio 2 Case>>o 6 Section from a sniall ulcer m the lateral ventricle There is a caseous 
type of necrosis destroying the ependjma and subependj mal tissues The caseation is 
Burrounded by a broad xone of granulation tissue The deep staining of the granulomatous 
tissue IS portly due to finely granulardepostis of calcium Hcniatox>lm and eosm stain 
X 50 

Fio 3 CasoTso 3 This section from the left occipital lobe shows complcto destruction 
of tho undcrUnng cortical architecturo with the formation of ejsts Tho cysts are multi 
loculatcd and tho walla are composed of dense accumulations of ^ial cells and fibers Tho 
molecular layer of tho cortex and the pia glial membrano have been distorted as a result of 
the destruction of tho undcrlj mg nervous tissue The depth of tlio subarachnoid space has 
been increased and there are scattered Ijmphocytes and plasma colls present Hcraatoxylm 
and coein slain X 135 

Fia 4 CascNo 4 Cerebral aqueduct showing reactive ejxind\mitiB Tho ependymal 
cells arc displaced and in one instance destrojed by oval masses of glial tissue formed be 
Death the ependymal cov enng Scattered gliul nodules arc seen in tho adjacent tissues and 
in two instances within tho subependymal mosses of gliul lissuo Hcmatoxvlm and eosm 
stain X 135 

Flo 6 Case^o 6 Thisscction was taW from tho largest ulcer seen m tho ventricle 

Tho intact cpendjTiia is seen m the upper left hand side of the photograph The ulcer was 
formed from a largo granulomatous mass of tissue projecting from tho wall of tho ventricle 
wnth ci^ouB necroaia in tho wnlrol part One edge of the raised crater is seen m thcuDT>cr 
central part of this figure Nolo the central mass of caseous necrosis The irregular small 
masses of doeplj fllaining matcnal arc mosses of blue staimng calcium lIematot>lm and 
cosin stain X 30U 
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but ■\\eU defined cytoplasm In all of the granulomatous areas many of the 
pathologac cells contamed fine granules of blue-stammg calcium m their cjdo- 
plasm In some areas the calcification of individual cells was so advanced that 
as a result broad bands of calcific material nere formed Se\eral of such areas 
of calcification were obsetaed The spaces of tfirchou-Robm and the sub- 
arachnoid space were fiUed nath lymphocjtes, plasma cells and macrophages 

The middle ears mth a lai^e part of temporal bone a ere sectioned foUowmg 
adequate decaloification Examinatiop of a section taken from the left ear dis- 
closed a large amount of highly vascular granulation tissue m the operatiae 
wound that was mfiltrated ^vlth a large number of polymorphonuclear leucocytes 
There was hquefaction of the marrou with a marked destruction of the bony 
trabeculae m the mastoid part of the temporal bone that remamed Examma- 
tion of sections taken from the right ear disclosed essentially the same type of 
pathologic change as was noted m the left ear Small mtra- and extracellular 
microCrganisms identifiable as Toxoplasma were seen m the sections from the 
left nuddle ear 

Pathologic diagnoses The anatomic diagnoses were toxoplasmic encephalo- 
mjehtis, internal hjdrocephalua, toxoplasmic otitis media, bilateral, icterus, 
generahzed, mspissated bde m the hier cells, hemorrhage between the dura 
mater and calvarium, focal atelectasis of the lungs and shght mterstitial pneu- 
moma 


Summary of case 

A sexenteen-day-old infant who had been jaundiced smce birth was admitted 
to the hospital because of \ omitmg A diagnosis of icterus grans and mtemal 


Fm 0 CasoJio -i Section from tho anterior column of the spinal cord Tho anterior 
spinal nrteix is shown in tho upper left hand mde of the field Aote the extensile mjelo- 
malacia with loss of all of the architectural pattern of the tissue The ceils obserted are 
larnely mtter cells Hematoxylin and eosin atom X 150 

Fia 7 Case ho 3 Focal granutomatous lesions in tho white matter of the cerebrum 
Tho cells are chiefly lymphocytes plosina cells and macrophages Hematoxt lin and eosin 
X 500 

Fio 8 Case No 6 Tno large aggregates of Toxoplasma organisms are seen m two cor 
nera of the photograph No ejst wallcau be identified T« o groups of tw o orgamama each 
are seen in the low er middle part of the field Hematoxylin and eosm stain X 1100 

Fio 9 Case No 1 A myocardial fiber seen m the center of the field is filled with a large 

number of Toxoplasmas Note the complete obscnco of reaction m the tissue surrounding 
the parasitized fiber Hematoxi lin and eosm stain X 700 

Fiu 10 Case No 2 Six isolated Toxoplasmas near the nucleus of a macrophage Note 

tho crescentic form of tho cytoplaam and the shghtly oval nucleus A small cluster is seen 
to the nght of the macropliage Hematoxylin and eosm stain X 1100 

rci Case No 2 A large aggregalo of Toiopinsmaa manj exhibiting crescentic 
form Tho structure surrounding tho organisms is probably not a capsule or the wall of a 
pscudocy St but an artefact from fixation, since similar outlined areas can bo seen Compare 
with Fig 13 Hematoxylin and eosm stain X 1100 

Flo 12 C:^No 2 A group of five Toxoplasmas between tho nuclei of two cells Tho 

orgamsm at tho cxtreino loft has tho cjtoplasm clearly defined and a clcarK shown oval 
nucleus Hcmatoxylm and eosm stain X 1100 

Fio 13 CasoNo 2 V large mi^ of Toxoplasmas contamed in a pscudoov at The cyst 
wall IS clcar^ defined Henmtoxy lin and coain stain X 1100 ^ 

Flo U CaM No 2 Two groups ot Toxoplasmas Tlie group occupy mg tho upper left 
ha^ position has one organism In focus showingits extreme crescentic form llemaloxv lin 


and eosm stain. X 1100 
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hydrocephalus was made and the infant was given supportive treatment He 
was discharged from the hospital shghtly unproved 

He was readmitted to the hospital twenty three days later vnth convulsive 
seizures and partial ptosis of the nght eye The course was progressively worse 
and despite a bilateral antrotomy the patient died on the thu-ty-fourth hospital 
da> At autopsy mtemal hydrocephalus, enccphalomyehtis, bilateral otitis 
media and mtersUtial pneumonia were the pnncipal lesions Toxoplasmas were 
identified m the sections of bram and the left middle ear 


ComrnaU 


The presence of jaundice smce bu-th and the diagnosis of mtemal hydro- 
cephalus 17 days later is presumptive eiidenco that this represents on infection 
acquired m utero The pathologic changes support this assumption The 
observation that the chdd became totally bhnd is mterestmg although there ore 
not sufficient clmical or pathologic studies to merit any conclusions The 
frequency with which Toxoplasma produces changes m the choroid and retina 
18 well known and it is probable that such was the case m this instance No 
ophthalmoscopic cxanunations were performed and the eyes w ere not exammed 
at the tune of autopsy The extensive calcific deposits m the bram w oiild un- 
doubtedly hax e been demonstrated if roentgenograms of the skull had been made 
This IS Uie first reported case in which parasites have been identified withm 
the mastoid process It is probable that an mtercurrent baotenal infection was 
also present because of the largo amounts of purulent matenal observed ehmcally 
in the ear and from the type of response present m the mastoid process The cel- 
lular reaction consisted almost entirely of polymorphonuclear leucocytes The 
method of spread to tiie mastoid process is not clear but it is iinhkely that the 
ear sen ed os a portal of entry 

Case in NLE (Children’s Hospital, St Louis, Mo, #L-(i87), a white 
femalo infant two months of age was admitted to the St Louis Children’s Hos- 
pital April 3, 1936 and died \pnl 8, 1936 

Chief complaints Those given by the child’s parents were repeated attacks 
of gciieraUred convuilsions of two weeks’ duration and diarrhea for the past SLx 
days 

Family history The child’s mother and father were each 24 years of age and 
w ere living and w oil There w as a sister three and one-half years of age w ho w os 
in good health There had been only two pregnancies and there was no history 
of tuberculosis or of other eliromc illnesses m the family 

Past history The patient was bom at homo followmg a reportedly normal 
term delivery and weighed seven iiid one-half pounds at birth She cned 
spontaueouslv and was breast fed for one week followed by supplementary 


Fio 16 Ca*c No 4 Focal necrMis of myocardial nbore Tho cells inSltraUnK tho 
^lon arc lymphocytcfl mucropliaKca and occoalonaily a polymorphonuclear Icucocvtc 
Ilcnmtoxy Hn and co«m slam X 670 f ^ i 

Fio 10 Xo 4 Inlcralilial inllamnmtion of tissue surrounding a small bronchus 

0^ in tho pulmonary alvooh pie alveolar walls are increased in thickness and infiltrated 
With ploflma cella and l>Ti\phocj tea Hcniatoxj hn and coaln Btain X 



358 


W P CALLAHAN, JR , W O RUSSELL AND M G SMITH 


feedings of cow’s milk, Avatei and Kaio in equal paits Aftei one month theie 
was no bieast milk and she was given canned milk until hei illness There was 
a histoiy of constipation and occasional attacks of vomitmg Histoiy of respu- 
atoiy infections oi of any othei illness ivas not obtamed At one month she 
weighed ten pounds but had not been iveighed smce 

Present illness Tivo weeks befoie entiy to the hospital the mfant had seveial 
geneiahzed convulsions These iveie described as lastmg foi seveial mmutes 
Avith the convulsive movements mvolvmg the entire body, on several occasions 
theie was leti action of the head and unusual movements of the eyes and fiothy 
matenal appealed m the mouth Theie had been no vomitmg or cyanosis and 
the lectal tempeiatme, taken at home was 101 5°F Because of these symptoms 
the patient ivas adnutted to the St Maiy’s Hospital m East St Loms on Maich 
21, 1935 A lumbai punctuie was peifonned on admission and bloody flmd 
was obtamed Aftei an uutial penod of one day m which there iveie mvoluntary 
movements of the eyes, the patient’s condition was notably improved How- 
evei, she was evtiemely uiitable to all external stimuh and would jump at the 
shghtest noise Hei geneial condition impioved and she was discharged fiom 
the hospital on Maich 26, 1935 

At home the mfant appealed weU foi seveial days but soon began vormtmg 
after meals The vomitmg appealed about fifteen mmutes aftei each feedmg 
and was desciibed as foiceful and of the piojectile type There was also some 
diaiihea and the stools contamed mucus and blight led blood The day before 
adimssion to the St Loius Childien’s Hospital she became much worse, lefused 
food and water, and cued contmuously She was agam taken to the St Mary’s 
Hospital wheie paienteial fluids weie admmisteied which partially alleviated 
the acute symptoms It was noted at that tune, howevei, that the eyes were 
fixed and bieathmg v^as fast and laboied The patient was lefeued to the St 
Louis Childien’s Hospital foi treatment 

Physical examination The mfant was well developed and was lying listlessly 
in bed lAuth sunken eyes and fixed pupds The skm was pale, bieathmg ivas 
lapid and deep vath accessoiy muscles of respiration bemg used The turgoi 
of the skm was good and there ivas no skm lash, but the scalp was reddened m 
the left tempoial and occipital legions The antenoi fontaneUe was open and 
did not bulge, but pulsations could be felt The eyes v^ere sunken and the 
corneas and conjunctivae weie diy and did not lespond to stimulation The 
left tympamc membiane ivas leddened and theie was a mucopurulent dischaige 
fi om the nose Although the mouth ivas held half open, it w'^as extremely difficult 
to open faithei The posteiioi phaiynx was leddened and the neck ivas shghtly 
stiffened Theie w^eie no congemtal abnoimalities Coarse ihonchi were heaid 
thioiighout both lung fields and medium sized lales iveie heaid posteriorly on 
the light side The heart sounds weie described as of fair quahty and the pulse 
late was 120 pei mmute It A\as difficult to examme adequately the abdomen 
because of fluid m the subcutaneous tissues All of the extiemities ivere flaccid 
but the leflexes w^eie aU present and iveie equal and actum A slight ngidity 
wms noted m the neck but the Keimg and Biudzmski signs could not be ehcited 
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LdboratoTy findings Laboratory studiea mode at the time of admiflaon re- 
vealed nothing remarkable m the urme, the hemoglobin -was 82 per cent, the 
red blood cell count waa 4^ million and the white cell count was 27,400 per 
cubic millimeter of blood The differential blood count revealed 7 juveniles, 
30 Btabs, 46 segmented forma, 16 lymphocytes and 3 monocytes. The carbon 
dioade combmmg power of the blood was 19 volumes per cent The tuberoulm 
and TCIinft tests were negative A lumbar puncture was performed on the day 
after admission and revealed clear spinal fluid with 31 cells per cubic mill i m eter 
All of the cells were determmed to bo lymphocytes The Tandy reaction was 
3 plus and the spmal sugar was 73 nulbgrams per cent 
Hospital courss At that tmie the foUowmg diagnoses were considered di- 
arrhea with dehydration, acidosis and hiccoughs, tetanus, menmgitia and pos- 
sibly bath mjury On the day followmg admission a generahied rigidity was 
noted with the lower axtreimties markedly more spastic than the upper ex- 
tremities The ngidity of the neck remamed the same and the antenor fontanelle 
bulged ahghtly There was some ngidily of the abdominal muscles -and the 
spleen and hver were palpable The reflexes were all hyperactive and the chmcal 
impression at that time was that a spastic paraplegia of an undetenmned cause 
had developed. On the second hospital day a ahght opisthotonos was noted and 
the extremities were held rigid The jaw remamed stiff and was difficult to 
force open In view of the opisthotonos and muscle ngidity a diagnosis of 
tetanus was regarded as a strong possibihty and 20,000 umts of tetanus anbtoxm 
were given by the mtramuscular route Three days later on April 8 her con- 
dition became notably worse and was characterized by rapid shallow respirations 
with expiratory grunts The lungs were filled with medium and fine rales A 
blood calcium determination showed 9 milhgranis per cent with a blood phos- 
phorus of 5 milhgrams per cent The nonprotem mtrogen was 62 milhgrama per 
cent and the total proteins were 6 0 milligrams per cent Stool cultures were 
negative for organisms of the typhoid dysentery groups and a stomach culture 
revealed only a few colomes of E coh The patient’s course was rapidly downhill 
and she died on April 8, five days after her admission to the St Louis Children’s 
Hospital 

Aulopsu Waahmgton Umversity Autop^ 1*6094 The postmortem ei- 
nmmation was performed five and one-half hours after death and was restncted 
to examination of the head The body was that of a well nourished and fairly 
well developed two-months-old female infant The abdomen was shghtly dis- 
tended and tympomtic. There was nothmg unusual noted m the size and shape 
of the head The antenor fontanelle was open Sections through the bram re- 
vealed marked dilatation and enlargement of the temporal and occipital horns 
of the lateral ventnoles, but the antenor horns were normal The temporal and 
occipital horns of the ventncles were ill defined because of the extensivo softening 
of tho surroundmg bram tissue. In the occipital and temporal lobes several 
cystic cavities were observed which were behoved to bo contmuous with the 
lateral ventncles surroundmg the cavities and revolving both occipital and 
tempoml lobes. There was axtensive cncephalomalacia of tho bram tissue in 
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these areas Sections taken through the remaming parts of the brain showed no 
further gross pathologic change 

Mxcrosco'pic examinoMon A section taken from the left temporal lobe dis- 
closed scattered lymphocytes and plasma cells m the subarachnoid space There 
was a complete loss of the nerve cells of the imderlymg cortex The cortex was 
infiltrated with many finely vacuolated macrophages The infiltration and 
alteration of the bram tissue was less marked m the imderlymg white matter 
than m the cortex Focal granulomatous lesions contauung plasma cells, 
lymphocytes and, m certain instances, cells resembhng epithehoid cells were 
noted in the cortex (Fig 7) In these areas of granulomatous reaction many 
of the macrophages contained fine basophfiic-staimng blue granules of calcium 
Sm al l micioorgamsms with a small nucleus and an ill defined cytoplasm were 
found m the granulomatous areas previously descnbed The organisms were 
m clustera and lying free between the cells A section taken from the occipital 
lobe m the region of one of the cavities noted m the gross exa min ation showed 
the same t3rpe of massive destruction of nervous tissue with infiltrations of gitter 
cells and scattered focal areas of granulomatous reaction wlpch was similar to 
that noted m the section taken from the left temporal lobe In part of this 
section, however, m the region of the large cavity there were many smaller cav- 
ities, m most instances commumcatmg with the large cavity All of the cavities 
had a smooth Iming composed of dense accumulations of ghal fibrils surrounded 
by a broad zone of ghosis In many areas there was complete destruction of the 
cortex, there bemg only a thm hmng of ghal tissue at the piaghal membrane with 
scattered islands of dense ghal tissue m the larger cavities (Fig 3) There were 
many scattered foci of deep blue-staming granular calcific material throughout 
the section Other sections taken from the occipital and temporal lobes showed 
essentially the same type of pathologic change as has been descnbed above 

The pathologic diagnoses were toxoplasmic encephalomyehtis, with cyst 
formation m the occipital and temporal lobes, and mtemal hydrocephalus 

Summary of case 

A white female infant, dehvered at full term, became dl at six weeks of age 
and developed severe generalized convulsions, diarrhea and signs of spmal cord 
mvolvement The course of the disease was rapid, and terminally signs of res- 
piratory infection became apparent Autopsy revealed mtemal hydrocephalus 
and a widely disseminated encephalomyehtis with foci of necrosis and numerous 
miliary granulomatous lesions Many of the lesions had undergone cystic de- 
generation while others, especially m the cerebral cortex, were calcified Micro- 
organisms identified as Toxoplasma were foimd m the granulomatous foci The 
autopsy was limited to the head, and the eyes were not exammed. 

Comment 

Although fiigna and symptoms did not develop until six weeks after birth the 
rapid clmical course suggests that the disease may have been active before this 
period The extensive calcific deposits m the bram and the small and large 
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cysts are pathologic changes that taLe longer to produce than the two week 
penod when the patient had definite cluneal symptoms. It seems reasonable 
to conclude from the nature of the pathologic changes that the infection was 
acquired m utero and was apparently sulBciently waU localized to cause no 
notable Bi gna or symptoms At the age of six weeks the process spread and 
mvolved the entire central nervous ay tern producing the widespread encephahtis 
with mihary granulomas The ongmal or pninary lesions consisted of focal 
calcification and cystic d^enerabon It is unfortunate that the autopsy was 
limited to thp head and that the systemic manifestations of the disease could 
not bo studied 

Case TV G J (Children’s Hospital, St Louis, Mo , # M-2280) a seven- 
weeksold white mala infant was admitted to the St Louis Children’s Hospital 
on December 9, 1936 and died December 24, 1936 

CTiiof camplaxnls The parents stated that the child had failed to gam weight 
smee birth and that six days prior to admission he had developed an upper 
respiratory infection with a profuse watery type of nasal discharge, irregular 
respirations and cough 

Family history The infant’s father was a clothmg merchant and the mother 
had no occupation except her duties as a housewife Both were m good health 
There 'vas one brother and two dsters hvmg and well The three children had 
developed normally smee birth and the delivery m each mstance was regarded 
as normal There was no history of chronic illnesses in the fondly 

Present illness At burth the child weighed 6J pounds and the dehvery was 
considered normal, although the child was about two weeks premature and there 
was some difficulty in getting him to breathe at birth No signs or eymptoms 
mdicating central nervous system disease were noted in the child and the mother 
was apparently well and healthy The child was fed exduaively from the 
mothers breast for about ten days followed by supplemental feedmgs after each 
breast feeding of a Pet milk and Karo formula Although it was stated that the 
patient took the feedmga well, he did not gam m weight Two weeks before 
entry to the hospital he had an attack of dionhea with four or five greenish-yellow, 
blood-etreaked stools per day After one week the diarrhea ceased but blood- 
streaked stools had been noted at mtervnls The patient, weighing four pounds 
and nme ounces at admission, had lost two pounds m the past two weeks The 
temperature had always been subnormal, the lowest reading bemg 93°F The 
infant had not received orange juice or cod hver oil and had not suffered from 
any communicable disease Because of an upper respiratoiy mfeebon three 
days before admission, the pabent was brought to the St. Louis Children’s 
Hospital where nose drops were prescribed and the formula altered Although 
there had been a purulent discharge from the right eye smee bnth it had 
recently cleared up 

Physical muntnaJton Exammabon on entry to the hospital revealed a thm, 
malnounshcd seven weeks old white male infant wei^g 4 pounds 9} ounces! 
The skm was loose and dry and had poor tuigor 'The fontanellcs were open and 
there was a slight bulgmg of the anterior fonlanelle with a wide suture ime 
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The circuinference of the head was 13^ inches The pupils were equal and 
reacted to hght equally A small amount of crusted dry exudate was noted 
around the right eye and m the external nares The ears, mouth and gums were 
normal The chest was thm but symmetrical and was resonant on percussion 
with only a few scattered moist rales heard over both lung fields The heart 
sounds were clear and the rate and rhythm were normal The hver was palpable 
below the right costal margm but the spleen and kidneys were not felt The 
extrenuties were thm and the jomts were pro min ent and freely movable The 
reflexes were physiological 

Laboratory findings On admission examination of the urme was negative 
The hemoglobm was 75 per cent, the red blood ceU coimt was 4 23 milli on and 
the white blood cell count was 11,200 with a normal number ofplatelets The 
differential count disclosed 3 juverule forms, 21 stabs, 39 segmented forms, 34 
lymphocytes and 3 monocjtes The red cells appeared normal and the bleeding 
time was 9 minutes and the clottmg time 3 mmutes The tubercuhn and 
TCline tests were negative A lumbar puncture performed the day after ad- 
mission revealed 140 red blood cells and 37 white blood cells, 3 pol 3 rmorphonuclear 
leucocytes and 34 lymphocytes per cubic millimeter of spmal flmd The Tandy 
test was negative and smears and cultures of the flmd showed no organisms 
Examination of the stool was negative except for a weak guaiac reaction 

Course in hospital The patient’s temperature varied from 38 4°C to 36°C 
For the first few days the temperature elevation was noted m the afternoons and 
m the evemngs 

On the second hospital day another lumbar punctuie was done because the 
anterior fontanelle was still bulgmg, and 6 cc of bloody flmd was removed At 
that time 50 cc of 10 per cent glucose was given mtravenously and 75 cc of 
RmgeTs solution subcutaneously The bleedmg time was 6 mmutes The 
foUowmg day the anterior fontanelle was noted to bulge more than previously 
and another lumbar puncture was performed and 6 cc of shghtly bloody fluid 
was removed This was aU the flmd that could be obtamed and it was noted 
that the removal of the spmal flmd did not cause a decrease m the bulgmg of the 
anterior fontanelle A transfusion of 50 cc of citrated blood was then given 
The circumference of the head at that tune was 13f mches On the sixth 
hospital day a cisternal puncture was performed but it was possible to remove 
only 5 cc of shghtly bloody flmd At the same tune the right lateral ventricle 
was tapped and 45 cc of fluid removed Exammation of the flmd disclosed 84 
cells per cubic nullimeter without acid but only 18 cells with acid The Tandy 
test was 3 plus Before the ventricular puncture the circumference of the head 
was 14 mches but no change was noted after the puncture However, the 
tension of the fontanelle was rehevd by the removal of the flmd On December 
17, 1936 the cncumference of the head had mcreased agam, the measurement 
bemg 14J mches Three days later on December 20 a left ventncular pimctme 
was performed and 38 cc of markedly xanthochromic flmd was removed The 
nght ventncle was also tapped but only 15 cc of xanthochromic flmd was 
removed that was apparently not under mcreased pressure At this tune 300 
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CO of lactate Ringer’s ^ bkS. and 

the lower abdomen was paralysis of the bladder An 

It was behoved at that time ^t retention by catheter 

unsuccessful attempt was expelled 16 to 20 cc of unne On the 

Contmuous pressure on the bladder ^ ^ Durmg 

foUowmg day there was comple hstless and reacted poorly to even 

r.^rt. .“r “‘Tr„i"p^— “ 

were clenched, the deep ^ thew wae mcontinence of both the bladder 

*'“1°,?“ 'Zr'Se^*^ Idid not re^iond to ptnnlnl »tnn«h below tte level 
and the rw)^ extremities were extremely thm and there ^ 

of the costal margiM ^ There was no reflex activity on either 

almost complete atoophyf f ^^t^^tion of the hamstnng gmuP of muscles 

« £ — » o*f Z pSlnr tendon. The p.« dred loll.™, n 

tewhora “< of the npper entremitia, mtemJ 

hp^tSi^Srt,n.S. l-to-l the .pn- cord, probnhlp dr. n»lt 

*»™ The bo* wee tint rf » 

“67 wnn. !«,*». Tta «J».r lo.Un* 
slight prommenee of the upper part of the head WM noted 
was not “ j ^^^aled atelectaaa of the entire right upper lobe and 

^^^rt of the nghTmiddle and lower lobes The atelectatic are^ were a 
a ^ slightly depressed ns compared to the surroundmg lung 

f“ spllen and h^ weighed 20 and 50 grams respectively and nothmg 

i^kable wL noted when these organa were sectioned focal hemor- 

seen m the mucosa of the urinary bladder The calvanum was 
"tSoved without difficulty Because of the unusual softn^ of the bram M 
bram was tom m several places when it was removed La^ amounts of 
T T^nrless smnal fluid escaped from the ventncles when tom durmg removal 
skuU ^External exammahon of the bram disclosed the cerebral hem- 
imhcres unusually largo with the cerebral convolutions small and flattened The 
sectioned followmg formaldehyde fixation The sectiomng revealed 
ral areas of encephalomalacia m the white matter of the left cerebral hemi- 
mheres the largest measurmg 2 x 1 x 1 cm and lymg m the medial part of the 
mfenor’part of the left temporal lobe. Tivo smaller areas, each approxunately 
2 X 1 cm , were described m the left frontopanotal region near the central fissure 
Surroundng the smaller softened areas there was a conspicuous yellow dis- 
coloration of the bram tissue The lateral and third ventncles were markedly 
dilated and °777n11 deposits of grayish-yellow material were seen on the surfaces 
of tho ventncles The aqueduct of Sylvius was patent 

The spinal cord when removed appeared normal but on sectioning there were 
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found several areas of softening in the lubosacral region siniilar to those noted 
in the cerebral hemispheres 

Microscopic examincdion In one section taken from the heart there were 
multiple small foci of l 3 mipiiocy 1 ;es and macrophages scattered diffusely through 
the myocardium In some of these areas there was disruption and necrosis 
of several of the muscle fibers (Fig 15) No parasites were identified m any of 
the lesions A section of lung disclosed a small area of atelectasis In other 
areas of the section the alveoh contained polymorphonuclear leucocytes, fibrm 
and vacuolated macrophages Many of the alveolar walls were thickened and 
infiltrated with plasma cells and l 3 unphocytes (Fig 16) A section of spleen 
revealed several small focal aieas of necrosis m the red pulp There was some 
infiltration of polymorphonuclear leucocytes and hemorrhage mto these areas 
but no microorganisms could be foimd The type of reaction did not suggest 
a specific type of inflammation Sections of the kidneys showed diffuse mter- 
stitial type of infiltration with lyomphocyies No organisms could be found 

A histologic examination of the posterior part of the medulla oblongata re- 
vealed two areas of reactive epend 3 rmitis on the surface of the fourth ventricle 
In these areas the ependjrmal cells were replaced by a mass of ghal tissue bulgmg 
into the cavity of the ventricle The glial tissue was remarkably vascular and 
for the most part composed of large numbers of fibrillary astrocytes with a few 
gitter cells mterspersed Scattered gitter cells and lymphocytes were noted m 
the subarachnoid space m two areas A section taken through the mesen- 
cephalon at the level of the supenor coUiculus and the base of the cerebral 
peduncles revealed large areas of softemng on the nght side that mvolved the 
substantia mgra, the medial lemniscus and the infenor part of the nucleus of 
the mfenor coUiculus In the mvolved areas there was complete necrosis of the 
tissues and replacement by a hght eosmophihc staining coagulum contammg 
many macrophages, an occasional lymphocyte and innumerable pyknotic nuclei 
Scattered throughout all parts of this section, but particularly numerous around 
the area of encephalomalacia, were small focal glial nodules Each nodule was 
composed of approximately 50 to 60 cells Fibrillary astrocytes, macrophages 
and occasionally plasma cells were identified m the nodules Several of these 
ghal nodules were seen m the region of the cerebral aqueduct There was a re- 
active ependymitis present, the nodules projectmg mto the lumen of the aquqduct 
(Fig 4) In a section taken from the left temporal lobe, there were large cystic 
cavities contammg scattered gitter cells and many small islands of dense ghal 
tissue The walls of the cavity and the islands of ghal tissue were composed of 
fibrous astrocytes with heavy fibrillary processes Small collections of finely 
granular blue-stammg calcium with minimal cellular reaction were scattered m 
this tissue showmg the advanced ghosis It appeared m certam instances that 
the granules of calcium took the exact form and outhne of large macrophages 
No glinl nodules were seen m this section A second section taken from the 
temporal lobe showmg the temporal horn of the ventricle and a tuft of choroid 
plexus revealed marked destruction of the white matter beneath the ventncle 
m the region of the attached choroid plexus The tissue showmg the pathologic 
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change was infiltrated with large numbers of gitter cells and astrocytes One 
large area of granulomatous reaction with many of the cells contaimng fine 
blue-stainmg granules of calcium was seen beneath the surface of the ventricle 
In some parts of this granulomatous area there was necrosis of the cells re- 
sembhng caseation Many small gUal nodules were seen throughout the section 
and they were particularly numerous m the region of the previously mentioned 
large areas of granulomatous reaction The connective tissue stroma of the at- 
tached choroid plexus contamed scattered plasma cells and a few macrophages 
A section takm through the basal ganglia disclosed several large areas of en- 
cephalomalgcia with complete destruction of the normal cyto-architecture The 
areas of encepbalomalocia contained large numbers of gitter cells, lymphocytes 
and a few polymorphonuclear leucocytes In some parts of the encephalo- 
malacia the gitter cells contamed fine blue-staming granules of calcium The 
granules of calcium were not restricted to cell bodies but were noted free m 
exudate surroundmg the cells 

A section taken from the lumbosacral segment of the spinal cord revealed 
encephalomolacia of nearly the entire cord The only unmvolved tissue was a 
narrow rone of white matter over the lateral and posterior fumcuh (Fig I) 
The entire antenor fumculus and all of the gray matter were completely de^ 
atroyed (Fig 6) Only one nerve cell was identified m the section In the areas 
of destruction there were some areas of necrosis that resembled caseation m 
which there was seen much fragmented chromatm material and cellular debris 
Generally, however, the mvolved nervous tissue was packed with pathologio 
cells most of which were vacuolated macrophages Plasma cells, lymphocytes 
and polymorphonuclear leucocytes were infrequently seen The subarachnoid 
space contamed scattered lymphocytes, macrophages and plasma cells In the 
unmvolved part of the apmal cord there were many scattered focal ghnl nodules 
and the perivascular spaces around the blood vessels were filled with large num- 
bers of lymphocytes and plasma cells. 

Extra- and mtracellular organisms identifiable os Toxoplasma were found m i 
the lesions of the cord and m the bram 

Pathologic dtagnosa These were toxoplasmic encephalomyehtis, mtemol 
hydrocephalus, mterstitial myocarditis, mtershtial nephntis, focal atelectasis 
of the lungs and focal hemorrhages m the mucosa of the urinary bladder 

Summary of catc 

A seven ueeks old white male infant had failed to gam weight smce birth and 
developed a severe upper respiratory infection A shght mtemal hydrocephalus 
was present on admission and the head gradually mcreased m mre Symptoms 
of a spinal cord lesion developed with paralysis of the upper extremities In- 
contmence of both bladder and rectum appeared, the respirations became shallow 
and the patient expired At autopsy there was marked mtemal hydrocephalus 
and numerous areas of cncephalomalucia m the cerebral and temporal lobes 
which Mere surrounded by sharp yellow areas. Many of these areas showed 
fine calcium deposits and were surrounded by glial nodules This same type 
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of destruction was present in the spinal cord Microorganisms identified as 
Toxoplasma were demonstrated m the lesions of the bram and the spinal cord 

Comment 

This case is similar to Case III m that the disease did not become apparent 
for five weeks after birth However, the failure to gam weight and the presence 
of the mtemal hydrocephalus on admission to the hospital are evidence that the 
infection had been progressive and present for some period of time The path- 
ologic changes m the spinal cord consistmg of ■extensive myelomalacia with 
cellular infiltration were most advanced (Tig 1) Unusually large numbers of 
parasites were present m these lesions, occurrmg as pseudocysts and as free 
organisms 

Case V (St LfOuis County Hospital No 43988 ) A white female infant 
was dehvered spontaneously on June 7, 1941 and died three hours later on the 
same day 

Fam%ly history The parents had hved 'm St Louis for the piiSt five years 
Previous residences were not given The father was employed at a steel foundry " 
and the mother had no employment outside of her household duties Both 
were m good health There had been no history of chrome illnesses m the 
family 

Prenatal history There was one child two years of age who was hving and m 
good health However, the mother had a history of five miscamages dating 
back to 1937 when she lost her first pregnancy after 2^ months’ gestation The 
second miscarriage was m 1938 after two months’ gestation Durmg the year 
1940 the mother entered the St Louis County Hospital with vagmal bleedmg 
m the second month of her third pregnancy A diagnosis of mcomplete abortion 
was made and dilatation and curettage were performed Dunng the same 
year she had two other miscamages, one at three months and the other at four 
months No cause for these miscarriages could be deterrmned and mduced 
abortion was strongly demed The pregnancy resultmg m the patient reported 
here had been uneventful except for some sweUmg of the ankles and backache 
m the last trimester The mother had gamed 18 pounds durmg her pregnancy 
She entered the hospital two weeks before the estimated date of confinement 
after the membranes had ruptured spontaneously Active labor had begun 
before admission Physical examination was essentially negative She was 
given 1^ grains of Delvmal one hour befoie and open drop ether was used at the 
time of dehvery 

Delivery The infant was dehvered from a left occiput antenor position, 
Ritgen’s maneuver bemg employed The infant was extremely cyanotic and 
did not respond to ordinary stimuh Contrast baths, eoramme, metrazol and 
intratracheal CO 2 + O 2 were administered and respirations were improved but 
they remained remarkably shallow The infant was placed m an meubator and 
the cyanosis gradually disappeared CO 2 + O 2 were given every fifteen rmnutes 
but short periods of apnea began to develop which gradually became longer and 
the patient died durmg one of these penods, three hours after birth 
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Amopsy WasbrngtoaUmvereity Autopsy iS( 9230 Postmortem examination 
■was performed seven hours after death The body was that of a well developed, 
white female infant, weighmg 3100 grams The eyehds were swollen and 
tightly closed by a dry, yellow, granular exudate When the hds were forcibly 
separated, a moderate amount of mucopurulent exudate was seen m the con- 
junctival sac and the vessels of the solera were markedly dilated. The hver and 
spleen weighed 160 grams and 12 grams, respectively, and there was nothmg 
unusual noted on section After r^oval of the calvarium a s m a ll amount of 
clotted blood was seen on the falx cerebn and on the tentorium cerebelh 

The bram was removed without diflSculty The weight of the bram was 
normal, bemg 320 grams A few small areas of subarachnoid hemorrhage were 
seen over the cerebral hemispheres Sections through the bram revealed the 
lateral ventncles moderately dilated with a moderate t hinnin g of the white matter 
of the cerebral cortex m the region of the centrum ovale The thmnmg was 
most marked m the temporal and parietal lobes. A s ma ll amount of gray- 
white exudate was noted on the ependymal surfaces of the lateral ventncles and 
m the nght lateral ventncle there were just visible ulcers on the surface. The 
largest measured 6 mm m diameter 

Microscopic examtnaiion A section of lung disclosed the alveoh partially 
collapsed and oontammg strands of fibrm, a small amount of fine protem pre- 
cipitate of edema fluid with scattered polymorphonuclear leucocytes Sections 
taken from the other viscera were not remarkable Sections taken from ulcera- 
tions m the wall of the lateral ventncle revealed a penpheral zone of caseation 
with a larger zone of granulomatous tissue beneath (Pigs 2 and 6) The granu- 
lomatous tissue was composed of large macrophages, lymphocytes, plasma 
cells and fibroblasts Scattered m the area of caseation and m the granulomatous 
reaction were many small granules of blue-stnimng calcium The granules of 
calcium were m many instances found wi thin the macrophages. Many or- 
ganisms identifiable as Toxoplasma were found m mtra- and extracellular posi- 
tions m the granulomatous tissue Several cysts contammg 10 to 30 organisms 
but without well defined capsules were noted among the cells (Fig 8) Ghal 
nodules were found m the bmm tissue surroimdmg the ulcers A section taken 
through the cerebral cortex revealed focal ureas of destruction of the nerve cells 
m the cortex with replacement by largo numbers of vacuolated macrophages, 
astrocytes and lymphocytes There were present numerous small granulomatous 
lesions scattered m the white matter The leptomenmges contamed a few lym- 
phocytes, plasma cells and vacuolated macrophages 

Pathologic diagnoses These were toxoplasnuc encephalomcnmgitis, mtemal 
hydrocephalus, slight, ulceration of the ependyma of the right lateral ventncle, 
chrome ependymitis, clotted blood beneath the tentonum cerebelh and around 
the falx cerebn, and bronchopneumonia 

Summary of case 

A white female mfont was dehvered spontaneously and was cyanotic at 
budb Bespirations responded weakly to strenuous attempts at resuscitation 
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but penods of apnea developed which gradually became prolonged and the 
infant died, three hours after birth Autopsy revealed a small amount of clotted 
blood on the falx cerebn and the tentorium cerebelh, with a few scattered areas 
of subarachnoid hemorrhage There was shght mtemal hydrocephalus with 
focal ulcerations of the ependyma and a grayish white exudate on the surface 
Microorganisms identified as Toxoplasma were observed m the lesions Al- 
though there was an accompanying bronchopneumonia no organisms were found 
m the lungs 


Comment 

Fifteen months after the birth of this infant the mother re-entered the St 
Louis County Hospital m active labor and at full term Her pregnancy had been 
uneventful except for severe headaches and dmzmess one week before admission 
The baby was dehvered spontaneously and the mother and mfant were dis- 
charged from the hospital two weeks later The mfant was considered normal 
m all respects Smce the diagnosis of toxoplasmosis was so clearly estabhshed 
m the precedmg mfant, attempts have been made to contact the mother for the 
purpose of studymg her and the infant for the presence of a latent infection, but 
at the time of wntmg these have been unsuccessful 

in THE INCIDENCE OP TOXOPLASMIC INFECTIONS 

Extensive surveys which would afford information regardmg the exact m- 
cidence of toxoplasmic infections have not been performed m large groups of 
population but the studies of Sabm (76) and Callahan (8) have shown that this 
type of infection is more widespread than is generally realized Sabm (74) per- 
formed neutralization tests on 151 mdmduals which were selected from the 
foUowmg groups 1) infants or children havmg one or more of the manifestations 
that are now considered to constitute the clmical tetrad of congemtal toxoplas- 
mosis, 1 e , hydrocephalus or microcephaly, cerebral calcification, chonoretmitis, 
convulsive seizures, etc , 2) the mothers of such infants or children, 3) mothers ' 
who had given birth to anencephahc monsters 4) older children and adults ex- 
hibitmg chonoretmitis of unknown causation but resembhng the type encountered 
m infants with congemtal toxoplasmosis, 6) children hospitalized during the 
summer and autumn of 1939 because of an encephalitis havmg a clmical re- 
semblance to the proved fatal case of toxoplasmic encephalitis which he ob- 
served at that time, 6) certam unexplamed cases of encephahtis, 7) children and 
adults who had febnle illnesses of unkn own causation, obscure disturbances of the 
nervous system, congemtal cataracts or other disturbances of the eyes, etc 

The sera of 59 of the 161 mdividuals studied had neutrahzmg substances for 
Toxoplasma and positive reactors were found m all the groups hsted above In 
the group of mfants and children tested the mcidence of neutrahzmg antibodies 
was found to be high only when certam clmical signs were present With one 
exception the mfants who exhibited either chonoretmitis m the macular region or 
cerebral calcification or both m association with other signs and symptoms pos- 
sessed neutrahzmg antibodies m their serum The sera of 8 of the 10 mothers 
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of these infants tested also revealed neutrahang antibodies In one other case 
the serum of the father and older, apparently normal, sibhngs contamed Toxo- 
plasma neutrahang antibodies. This Bnding suggests that a mild subchmcal 
mfeotion may exist without produomg charactenstio signs or symptoms of the dis- 
ease Nine of ten mdividuala with chonoretmitis of unknown causation but 
morphologically resemblmg the type seen m congemtal toxoplasmosis showed 
neutrahzmg antibodies m their serum In ■! instances m which the ocular dis- 
turbance was thought to be congemtal the mother also possessed toxoplasmio 
neutrahzmg antibodies Three of 4 mothers who had given birth to hydroce- 
phaho or microcephaho infants that were stiUbom or died soon after birth gave 
positive teats as did 3 of 8 mothers who had given birth to anencephahc monsters 
Vanous other groups of mdividuals mcludmg children with scute encephahtis, 
older mdividuals with unexplained encephalopathies, a boy who had recovered 
from atypical pneumonia and laboratory workers exposed to rabbits or to Tox- 
oplasma gave positive neutralization tests. The study was not regarded as 
aufliciently extensive for a defimte conclusion regardmg the mcidence of Tox- 
oplasma neutrahzmg antibodies m the population at large. However, it is a 
startling revelation that there was approximately 10 per cent of mdividuals 
having neutralizing antibodies when those cases havmg climcaUy manifest 
toxoplasmosis were excluded. 

B^use of the large number of cases observed m St Louis a survey was under- 
taken to detemune the mcidence of persons hvmg m this vicmily (8) who had 
Toxoplasma neutrahzmg antibodies m their serum. Sera were obtamed from 
26 unmarried girls between the ages of 17 and 24 years who hved outside of the 
state of M issoun, from an equal number of unmamed girls m the same age groups 
who had been residents of St Louis smce birth, and from 25 married women m the 
same age group who had one or more normal children. The sera of 23 men be- 
tween the ages of 20 and 28 years were also tested. Two unmarried girls of 18 
and 21 years gave positive neutralization teats. These two mdividuals had been 
residents of St Louis all their hves and no history of present or past il1nogt| could 
be obtamed that might possibly be mterpreted as a to.xoplasmio infection. 
Careful physical e xamina tions mcludmg ophthalmologio studies were negative. 
Even though the results of this study, mdicatmg that 2 7 per cent of the mdi- 
viduals had neutrahzmg antibodiesm their serum, are snnnll and cannot be apphed 
to the general population m St Louis, it can be conservatively concluded that a 
significant number of mdividuals hvmg m the St Louis area have neutrahzmg 
antibodies m their serum. 

Sabm (72) has shoivn m monkeys that'the Toxoplasma neutrahzmg antibody 
porsiats long after the organism has disappeared from the tissues, so that the 
presence of antibody alone is not mdicativo of the presence of an infection. 
Moreover, it does signify that the mdividuals have been exposed to the specific 
antigemc substance of the organism at some tune m the past More exhaustive 
and conclusive studies on the pathogenesis of the subchmcal infections and the 
actual mcidence of the disease will bo necessary before conclusions can bo mnilo 
However, these results do mdicato that toxoplasmio infections are more frequent 
than heretofore realized. 


370 


W P CALLAHAN, JB , W O. BUSSELL AND M G SMITH 


IV EPIDEMIOLOGY 

A. Geographic distribution Instances of infantile toxoplasmic encephalo- 
myelitis have been observed on three contments mcludmg Europe and North and 
South America Among the authenticated cases which have occurred outside of 
the Umted States, one mfant was bom m Prague, Czechoslovakia (28), another m 
Amsterdam, Netherlands (19), and a third m Rio de Janeiro, Brazil (87) The 
reported cases observed m the Umted States were m widely separated chstncts 
Five cases have been studied m New York City (16, 98, 100, 101), one m Boston 
(27), another m Chicago (67), three m Detroit, Michigan (83, 107) and five m 
St Louis, Missouri Wolf and Cowen cite three unreported cases which have 
come to their attention, one occurring m Boston, another m Nashville, Ten- 
nessee, and the third m Dallas, Texas (16) Through personal commumcations 
with another colleague, we have learned of a case recently recognized m St 
Louis, Missouri (61) 

Sabm (71) has reported a fatal instance of toxoplasrmc infection m a 6-year- 
old boy from Cmcmnati, Ohio This is the only instance of fatal toxoplasmosis 
m childhood 

The first proved instance of adult toxoplasmosis was reported m 1940 by 
Pinkerton and Weinman (62) The clrmcal manifestations were obscured by a 
concomitant infection with Bartonella bacilhformis The patient was a 22- 
year-old laborer who died in Lima, Peru A year later Pmkerton and Hender- 
son (63) reported two fatal cases of toxoplasmosis occurrmg m adults m St Louis, 
Missoun. Guimaraes (22) observed the fourth instance m a negro laborer in 
Brazil Recently a case of toxoplasmosis m an Amencan soldiei was observed 
by one of us (66) He had been stationed m New Jersey but was sent to North 
Africa where he became iLL The disease ran a chrome course and the patient 
was returned to this country, where he died- It is difficult to evaluate at which 
location the infection was acquired 

B The infection in animals Spontaneous infection with Toxoplasma was 
first described m the gondi (North Africa) m 1908 by NicoUe and Manceaux (49) 
and mdependently m the same year by Splendors (81) m the rabbit (Brazil) 
Smee then numerous reports of the occurrence of spontaneous toxoplasmosis in 
animals, reptiles and birds on many contments have been published (Table 1) 
The extremely wide geographic distribution and host susceptibfiity to these 
protozoan parasites affords a constant endemic focus of infection m many parts 
of the world 

The pathologic reports of toxoplasmic infections m animals and birds are 
reasonably documentaiy although m most instances tr ansmi ssion of the organism 
to other n.mmn.ls and biologic studies are lackmg Early observers who were 
able to recover the organism designated each newly isolated stram by the species 
m which the ongmal infection occurred Subsequent mvestigators (101, 70) 
have shown that the numerous strains such as Toxoplasma cumcuh, T columbae, 

T gondi and T muscuh were actually vanously named forms of a smgle species 
capable of infectmg many hosts Comparison of the org an i sm s recovered from 
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TABLE 1 

GeojrapAic dutribulum of tha naiuTol ho»lt of Toscplatma 


cotnmT 

AJfMAt 

■ran 

MXTTtLX 

United States 

Dog (66) Cat (65) Rat 
(67) Sheep (66) Gm 
noa pig (69, 40) 

Canary (23.26, 38, 104) 
Sparrow (M) Catbyd, 
oiupping sparrow, king 
bird, red-eyed towhee, 
song sparrow, swamp 
sparrow, Baltimore on 
ole, oowbird, Savan- 
nah sparrow (28) 
House finch (106) 


Argentina 


Canary (68) 


BroxU 

! 

Dog (9) Rabbit (82) 
Guinea pig (11) 

1 

1 

Domestic pigeon (9) 
White throated seed 
eater, Andean white 
throat, white bellied ; 
swallow, Dominican , 
cardinal, red vamp | 
tanager, yellow finch, 
palm tanager (2) Hu 
fouB belhed thrush, 
blue black grossqult, 
tyrant flycatcher, 

white'Crested elaonia, 
king vulture (10) 
Tanager (60) 


England 

Squirrel (13) The 

Fossa (London Zoo 
logical Garden) (64) 
Wombat (Welcome 
Bureau, London) (15) 

Fruit pigoon, pied bush 
chat (London Zoologi- 
cal Garden ) (64) 

Snake (London 
Zoological 
Garden) (64) 

France 

Dog (5, -IS) Rabbit (34) 
Alouie (47) Baboon 
(36) Chimpanzee 
(29) Guinea pig (49) 

Javasparrow (31)* Wax 
bills, weaver bird, fire 
finch, chaffinch (41) 
Yellow babbler (32) 

Lizard (14) 

Germany 

Dog (106) 

Siskin (91) English 

sparrow, green finch, 
linnet (63) Domestic 
fowl (24) 


Italy 

Dog (43) Rat (JS) 
Mouse (47) 

European tree sparrow, 
Italian house sparrow 
(21) , 


Tunisia 

Gondi (49,60, 61,52) 
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Table l — Continued 

CODNlav 

ANIMAL 

BtgD 

SEPIrtE 

Congo 

Rabbit (77) 



Senegal 

Rabbit (6) 


• 

Iran (Persia) 

Dog (30) 



Gambia 


African vulture (86) 


India 


Domestic pigeon (42) 
Sparrow (1) 


Dutch East Indies 

Rabbit (7) 



Japan 

Mole (65) 

Paddybirds, bamboo finch, 
Java sparrow (89) 


Formosa 


White eye (88) 



* In the original report the paraaitea were not identified as Toxoplasma but Wenyon 
(96) has subsequently regarded them as such ' 


fatal iiiunan cases with those causing spontaneous infections in ammala has shown 
no significant differences m their morphologic characteristics and biologic 
properties This evidence indicates that the strains of Toxoplasma isolated from 
both animal and human infections represent a smgle species which has an ex- 
tremely low host specificity 

A wide variety of pathologic changes have been observed m naturally infec- 
ted a n i m als The chmcal manifestations shown by infected animals are de- 
pendent upon the vanous organs involved and the type of change produced m the 
tissues An acute t 3 Tje of encephalitis has been observed in rats by Perrm (67) 
but other tissues were not exammed m detail Acute encephalomyehtis is known 
to occur m sheep, rabbits, mice and gumea pigs In contrast to this type of 
reaction toxoplasimc infections m dogs and cats produce granulomatous lesions 
m the mtestines, lymph nodes, hver and lungs The central nervous ^stem 
shows Tmnimfl.l mvolvement with only an occasional “cysthke” aggregation of 
the organism present and only shght reaction produced m the surrounding 
tissues The most commonly encountered pathologic changes are focal gran- 
ulomatous lesions which may or may not show necrosis The infiltrating cells 
are l 3 Tnphoeytes, plasma cells and large mononuclear cells In early lesions, 
which have not become necrotic, a few polymorphonuclear leucocytes, particu- 
larly eosmophils, are present The lungs, hver, lymph nodes, spleen and mte^ 
tmes show the most conspicuous changes. Widespread necrosis of the lymph 
nodes with parasitism of the reticulo-endothehal cells is commonly observed 
There is an acute enterocohtis with focal ulceration of the mucosa Lesions m 
the hver and spleen consist of focal granulomas with necrosis In contrast to the 
infection as it is observed m man there is more extensive mvolvem^t of 
parenchymatous organs and less tendency to produce damage to e cen 
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nervous system Although parositea may frequently be observed m organs 
other than the bram m man there is usually httle cellular reaoUon other than an 
mtersititial type of mflammation. In addition to the lesions described above the 
parasites are frequently found m the circulatmg blood of reptiles and birds 
However, the greatest care must be exercised m identifymg the organisms as 
other parasites have been confused with Toxoplasma (103) Experimental 
toxoplasmio mfections m rabbits, mice and guinea pigs produce the same type of 
cellular response but the most extensively mvolved parts of the body depend 
upon the site of the moculation 

The manner of transmission of the infection from animal to animal is un- 
known. Attempts have been mode to transmit the disease usmg commonly 
encountered ectoparasites such as fleas, hce and mites but these have been un- 
successful Olafson and Monlux (66) have emphasized the unportance of m- 
feoted excretions as a method of transmission of toxoplasmic infection from one 
animal to another These observers placed an expenmentally mfected puppy m 
a cage with six htter mates which had not been moculated The mfected 
sTiimal developed a severe diarrhea and four weeks later the other animnls be- 
came ill and died withm seven weeks Postmortem e,xammations established 


the diagnosia of toxoplasmosis m the six htter mates The cages were known to 
be infested with fleas and flies but none of the animals m adjacent cages developed 
the disease It can be inferred from these observations that Toxoplasma is 
present m the mtestmal contents of mfected dogs and that the nuecbon is ac- 
quired by ingesting food contaminated with infected excreta, although better 
controlled experiments are needed to confirm this idea. 


C Epidanic sUUii3 Our knowledge of the epidemiology of toxoplasmosis is 
extremely meager because of lack of adequate work beanng on this aspect of the 
disease The occurrence of toxoplasmio infection m lower c'vrm-)lg suggests that 
they may serve os a reservoir of the disease and that it may be transmitted to mnn 
by some intermediate arthropod vector or by direct contact Vanous ecto- 
poraatoa have been studied regordmg their possible jile as vectors of taxoplas- 
mosis Chatton and Blanc (12) collected a number of caeets which were com- 
mon parasites of the gondi, m which spontaneous Toxoplasma is 

known to occur These mcluded two species of tcks, hm species of m^mtoes. 

tic^ly present and was a co^on pamate to omer animals fre^ently m- 
feet^ with ToxopW m attempts to recover Tomplaona W the ticks 
by direct e.xam^tion and by animal iniKalatia vram^uccessfiiL ^werer, 
the more recently reported cases of human tozcii — Havre ^ 
adults with an antecedent histoiy of the if ^ 

before the onset of illness lends strength to ths ^ 

tick home The possible rAle^SiZ^^^^thedisea^s^ 

mission of the disease has not been ^ 

(12) discuss the possibihty of a mite as a 
experimental evidence to support tha Mioplasnoas bn* 


sects as vectors of the disaviT^ jg Judgment res^ 

The most convmclng evidence 
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demoDskation of ulcorafave 
spontaneously infected with Toxoplasma 
uggests that transmission would be possible through infected excreta ^There 
has been no experimental work to substantiate this theory The demonstration 
of Toxop^a-laden macrophages m the alveoh and bronchioles by P^eLi 
and Henderson (63) suggests droplet infection as another possible method 
JNo significance can be attached to the seasonal incidence of the disease as it 
apparently occurs at all times of the year However it is most commonly ob- 

^^ed m the periods between April and August and between December and 
February 

The widespread geographic distribution of toxoplasmosis m fl.nimRl.. corre- 
sponds m general to the reported instances of human infection Although the 
rdle of msects as vectors of the disease has not been established there is pre- 
sumptive evidence to mdicate that they may play a pai t m its transmission The 
pathologic changes and climcal sjTnptomatology that have been observed m 
animal and human infections with Toxoplasma are compatible with trans- 
mission by either droplet infection or contact with infected excreta Further 
investigations are necessary to establish either of these methods of trans- 
mission for the naturally occm’nng infections m man and anunals 
D Age The onset of the chmcal signs and symptoms in the infantile type 
of toxoplasnuc infection usually occurs at the tune of buth or shortly thereafter 
In one instance (39) hydiocephalus was present in utero, necessitating cranio- 
clasia before the infant could be dehvered The longest latent penod before the 
appearance of S 3 Tnptoms after birth, which has been reported, is six weeks This 
was observed m 2 cases Of the 18 reported cases 13 showed signs immediately 
foUowmg dehvery, 1 witlun 9 days and 1 in 35 days The age at the onset of the 
chmcal signs and sjunptoms apparently has no relation to the seventy of the 
disease The extensive destruction of the central nervous system, which is 
present in infants at the tune of birth, is irrefutable evidence that the infection 
was present and progressive before buth The time of development of the 
chmcal manifestations of the disease is largely dependent upon the parts of the 

central nervous system which are mvolved 
The age of onset of the childhood type of toxoplasmic mfection is difficult 
to ascertam Moreover it is even more difficult to ascertaan if the infection is a 
reactivated latent congemtal one or was acqiured after birth Smce offiy 
one fatal instance of this type of toxoplasmosis has been observed there is htm 
material for analysis Sabm (71) was unable to reach a satisfactory conclusion 
as to the congemtal or acquired nature of the infection m this case Eowevw, 
he did call attention to the differences m the types of patholopc change m 
central nervous system of infants with the congemtal type of iiffection in to 
case he observed The difference in the pathologic changes in case and m 
c^gemtol mfecfcna can be mterpreted as evidence that the mfecbon was not of 

type of toxoplasmosis is believed by Pmkerton and Hende^n 
(63) to be an acquired infection, this type of the djfHlse may occur a 
age 
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E Second race Eleven of the 18 reported, instances of congemtal toxoplasmic 
encephalomyelitis occurred m female infants The mtrauterme mception of the 
leaves the sex mcidence to chance if the infection occurs through the pla- 
centa or fetal membranes. In the acquired form of the disease the method or 
route of infection is unknown, but of five reported cases one occurred m a woman. 
It can be concluded from the available information that there is no reason to be- 
hove that either the congemtal or the acquired forms of transmission have a sex 
mcidence. The majority of toxoplasmic mfections have been observed m the 
white race although instances of both the congemtal (66, 107) and acquired (22) 
types have occurred m the negro Because the number of cases is small it is un- 
possible to draw any conclusiona about racial susceptibihty to toxoplasmic 
infection. 


V BTIOLOOIO AGENT 

A. Morphology of the parasite In fresh preparations and air-dned films tox- 
oplasmas appear as distmct, sharply outlmed, crescentic organisms measurmg 
4-7 microns m length and 2-4 nuorons m width The cytoplasm is distmct and 
clear and there is a well defined nuclear chromatin. Multiphcation is by longi- 
tudinal binary fission There is no positive evidence of schusogeny Forms of 
the parasite which have recently undergone division are crescentic or curved 
masses of cytoplasm with one extremity sharply pomted and the other rounded 
Each parasite contains a rounded mass of chromatm which is situated near the 
center or shghtly toward the rounded end This chromatin body may appear 
granular and preparatory to cell division assumes an elogated shape with bullous 
ends Eo locomotive organs are present and there is no evidence of self pro- 
pelling motion Before division the organism loses its crescentic shape and be- 
comes oval or rounded. In Wnght and Gieiiisa.6tamed smears tho cytoplasm is 
a pale blue while the chromatm matenal is dark red to purple In tissue sections 
wluch have been fixed m 10% formaldehyde, Zenker’s flmd or Helly’s fluid, the 
organisms appear smaller because of shrinkage of the cytoplasm and the nucleus 
The morphology of the organism is also shghtly altered by fixation (Figs 10, 
12, 14) Although the shape of the parasite is preserved there is apparently 
greater shrinkage of the nuclear chromatm than of the cytoplasm as a clear halo 
IS present around the nucleus The cytoplasm is frequently studded with small, 
poorly stainmg granules In addition to smgle parasites, large aggregations or 
clusters of closely approxunated organisms are frequently observed (Fig 11) 
Occasionally such aggregations of parasites appear to be surrounded by a cyst 
wall and hence are frequently referred to as cysts or pseudocysts (Fig 13) 
Whether they possess a true cyst wall is uncertam, although it probably repre- 
sents tho cytoplaanuo membrane of a pro-existmg cell which has been parasitized 
and m which tho organisms have multiplied. It is not always possible to dia- 
tmguish clearly between the mdividual parasites withm the pseudocysts as they 
appear to be differentiatmg from on amorphous mass of nucleated cytoplasm. 
This has led Wolf, Cowen and Baige (100) and others to suggest reproduction by 
schizogcnesis. Toxoplasmas have affimties for practically all types of fivwl 
tissue cells, particularly those of the roticuloendothelial system and the par- 



376 


■W P CAIiLA H AN, JB , 'W O. RUSSELL AND M G SMITH 


enchymal cells of matiy organs WKen there is overwhehnmg infection or the 
organism is particularly virulent, fixed tissue cells are invaded The parasites 
multiply rapidly by binary fission -with resultmg rupture of the cell membrane 
and again freemg of the mdmdual organisms to mvade other cells On the other 
hand, particularly m the congemtal type of toxoplasmic infections, reproduction 
■withm tissue cells other than the central nervous system frequently proceeds 
slowly and the findmg of an aggregation of parasites withm the cells of the liver 
or heart may be accompanied by no cellular reaction m the surroundmg tissue 
(Fig 9) In this manner chrome infections with Toxoplasma may be present for 
long penods of time m animals without produemg outward manifestations of 
disease 

B Propagation of the parasite Numerous attempts have been made to cul- 
tivate Toxoplasma on artificial media but none have been successful The 
organism has been grown on the developmg chick embryo and m a medium 
consistmg of survivmg tissue (mmced chick embryo suspended m Tyrode’s 
solution) Because of the inabihty of Toxoplasma to grow on ordinary culture 
media it must be mamtamed by passage through susceptible laboratory animals 
The pathogenicity of Toxoplasma for a large vanety of commonly used laboratory 
animals allows the organism to be mamtamed with relative ease However, care 
should be taken to exclude the possibhty of spontaneous infection of the a nim als 
used Infected tissue may be suspended m veal infusion broth, Tyrode^s solution 
or m other nutritive media and stored m a refrigerator at from 2° to 10°C for as 
long as two weeks before further passage to other animals However, the organ- 
isms are more dehcate than viruses or other mtraceliular microorganisms and 
cannot be preserved m the frozen state. Detailed descnptions of the methods 
of preservation and propagation of Toxoplasma have been given by Sabin 
(76) and Wolf, Cowen and Paige (101) 

C Differential diagnosis Smee both Toxoplasma and Encephahtozoon are 
found as spontaneous infections m laboratory animals care must be taken to 
differentiate clearly these two organisms Perrm (69) has made a careful com- 
parative study and pomts out the sharp distmctions between them The fol- 
lowmg IS a hat of the more important distmguishmg characteristics of each 
parasite 


Toxoplasma 

1 Size 2-3 microns in width 

4r-7 microns m length 

2 Crescentic or curved 

3 Occur in "pseudocysts” 

Individual forms poorly defined 

4 Stains deeply with hematovylm-eosm 
6 Destroyed by freezmg 

6 Calcification may be present m central 
nervous system 

7 In general produces a severe necrotizing 
type of reaction 


EnosphaUtoiaon 

1 Size 0 S-1 2 microns in width 

2-2 6 microns m length 

2 Straight or slightly curved 

3 Occur in “pseudocysts" 

Individual forms clearly defined 

4 Stains faintly with hematoxyhn-eosin 

6 Not destroyed by freezing 

8 Calcification not ' present in central 
nervous system 

7 Cellular reaction is usually leas severe 
but occasional necrotic focus may be 
present 
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VI PATHOLOGIC ANATOMY 

A Palhologtc changes tn the central nervaua system tn vnfantUe toxoplasmosis 
1 Leptomentnges The seventy ot the cellular reaction in the leptomemnges is 
dependent upon the amount of damage to the underlymg bram tissue Over 
unaffected parte of the cerebral cortex there is swelhng of the cells of the lepto- 
menmges and occasional foci of plasma cells, lymphocytes and mononuclear cells 
In contrast, the pia arachnoid overlymg destructive cortical lesions shows re- 
markable change, there bemg congestion of the vessels with mfiltration of large 
numbers of lymphocytes, plasma cells, mononuclear cells, fat-laden macrophages 
and eosmophilio leucocytes (Fig 3) This type of change is particularly promi- 
nent around the Rmall artenoles, venules and capiUanes Where the reaction is 
most severe there is complete obhteration of the gyn and sulci and the usually 
well defined Ime of demarcation between the pia arachnoid and the bram sub- 
stance IS obscured The blood vessels of the leptomemnges show hyperplasia of 
the mtimal cells and congestion, but rarely to the pomt of occlusion Parasitea 
are frequently found withm the intimal cells of the artenoles, venules and 
capiUanes 

2 CerebTol cortex The pathologic changes wiihm the gray matter of the 
cerebral cortex vaiy from small foci of cellular infiltration (Fig 7) to large rones 
of necrosis with extensive destruction of bram substance Withm the larger of 
these foci there is complete lose of architecture and neurons with profound al- 
teration of the glial elements Large clusters of nuclear debns and numerous 
fat-laden macrophages and eosmophils are present In many of the necrotio 
foci cysts form that become infiltrated with plasma cells and lymphocytes (Fig 
3) The cysts frequently contam large macrophages, lymphocytes and mononu- 
clear cells m a network of fibnn The bram substance immediately adjacent to 
the foci of necrosis is edematous and infiltrated with small numbers of lympho- 
cytes There is loss of neural and neuroglial elements and moderate pro- 
liferation of astrocytes Most of the astrocytes are large and swollen and 
occasionally contam more than one nucleus, givmg the appearance of atypical 
giant cells The ohgodendrogha are swollen with concentration of the nuclear 
chromatm The blood vessels show hyperplasia of the mtuna and some m- 
filtration with pathologic cells withm the adventitili In the more severely 
damaged zones there is proliferation of capiUanes for min g a network on which 
infiltratmg cells are dispersed Immediately adjacent to the largo foci of 
necrosis there is infiltration with polymorphonuclear leucocytes, macrophages, 
lymphocytes and plasma cells There is loss of many nerve cells and those re- 
remaining show vacuolization of the cytoplasm and advanced chromatoly sis. 

One of the consistent findin gs m the infantilo type of toxoplasmosis is the 
presence of large foci of calcification withm the zones of necrosis This process 
may bo qmte extensive, formmg broad bands of calcific material mvolvmg most 
of the cortical layers or scattered diffusely throughout the foci of necrosis The 
calciuig salts are deposited m coarse granules or m finely divided particles givmg 
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the appearance of “calcium dust” Calcium may be deposited withm the nerve 
cells of the cortical substance and occasionally is seen m microglial cells Many 
cells become completely calcified leavmg only a small clear zone between the cell 
membrane and the calcific deposits, while other cells contain only a few particles 
of finely divided calcium The extent of the calcification is apparently dependent 
upon the seventy of the reaction and the duration of the infection 

3. Basal ganglia Small granulomatous lesions are scattered throughout 
the globus paUidus, caudate nucleus, putamen and mtemal capsule For the 
most part these granulomatous lesions consist of focal collections of lymphocytes, 
plasma cells and large mononuclear cells The walls of the small blood vessels 
and the penvascular spaces of the basal gangha are heavily infiltrated with 
mononuclear cells In addition to small granulomatous lesions large foci of 
necrosis are usually present and are filled with eosmophihc leucocytes, degen- 
eratmg l 5 rmphocytes and plasma cells "Whenevei large zones of necrosis are 
present there are numerous fat-laden macrophages In older lesions there is 
proliferation of new capillaries and multiphcation of nucroghal cells At the 
margm of the foci of degeneration there is the same type of cellular response as 
is observed m the cerebral cortex There is httle degeneration of myebn out- 
side of the severely damaged areas The nerve cells are usually well preserved 
and contam a normal amount of Nissl substance In our experience it is relatively 
rare to find Toxoplasma withm nerve cells although Guunaraes (16) reports 
this occurrence as common Parasites are more frequently found adjacent to 
the areas of necrosis and near or m the granulomatous lesions 

4 Ventricles Penventncular infiltration with lymphocytes and plasma 
cells with ulceration of the ependymal hning is frequently observed m infantile 
toxoplasmosis Ulceration is most common m the lateral and third ventncles 
(Figs 2 and 5) and is frequently found m the cerebral aqueduct where glial nod- 
ules and ulcerative lesions may occlude the lumen and obstruct the flow of 
cerebrospmal fluid (Fig 4) This readily accounts for the mtemal hydrocephalus 
observed m infants m this disease 

5 Cerebellum There is a multiphcation of leptomemngeal cells and shght to 
moderate degree of infiltration with plasma cells, lymphocytes and mononuclear 
cells m the subarachnoid space Small granulomas may be found withm the sub- 
stance of the cerebellum btit generally the lesions m the cerebellum are infrequent 
and mconspicuous When present they are most frequent m the subependymal 
tissue adjacent to the fourth ventricle 

6 Pons The pons is usually the site of advanced pathologic change Nu- 
merous small granulomas with large foci of necrosis are present m the tegmentum 
and pontme nuclei The tissue surroundmg the necrotic zones is edematous and 
shows mild astroghosis The cellular response to the parasite is the same as that 
observed m other parts of the central nervous system In the cases which we 
have studied the seventy of the disease m the pons has been second only to 
pathologic changes m the cerebrum Cyst formation m the tissue is frequent m 
the pons and medulla 

7. Medulla The medulla has been mvolved m all cases of infantile toxoplasmic 
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infection in which it has been studied. The degree of involvement vanes some- 
what but m general the inflamma tory reaction m this part of the central nervous 
system is severe The lesions are identical m all respects with those observed m 
the other parts of the bram 

8 iSptnol cord The leptomemnges show a varying degree of pathologic change 
depending upon the amount of destruction in the underlymg spmal cord The 
spmal roots are not mvolved except secondarily m parts where there is great 
destruction of nervous tissue The degree of change m the spinal cord is ex- 
tremely variable It may consist of focal infiltration with lymphocytes and 
plasma cells or of extensive areas of myelomalacia mvolvmg the entire diameter 
of the cord (Figs 1 and 6) The cellular response m the spinal cord is the same 
type as that observed m the bram with the exception that polymorphonuclear 
leucocytes are more frequent and constitute the majority of the mfiltratmg 
cells Parasites are numerous m the lesions seen m the spmal cord, especially 
where the reaction is severe 

9 Ocular leatona The presence of parasites m the choroid and retma was ob- 
served by Jankh (28) m 1932, m the first reported instance of human toxoplasmic 
infection He described the pathologic changes m the eyes but made no attempt 
to identify or classify the parasite Wolf, Cowen and Paige m collaboration with 
Koch (30) have descnb^ m detod the only other reported cases m which 
ophthaimologio as well as histopathologio studies have been made of the ocular 
Wons The pathologic changes consist of focal swelhng of aE layers of the 
retina with mtensa edema and varying degrees of inflammation with necrosis 
The foci of necrosia were present m all layers to a varying degree but were most 
advanced m the inner layers where large lones of degeneration were observed 
There was diffuse infiltration with mononuclear cells and a few eosmophiho 
leucocytes particularly near the margm of the necrotic foci The penvascular 
tiasues were heavily infiltrated with lymphocytes and plasma cells In addition 
there was an accompanying hyperplasia of the endothehal cells of the vessel 
An inflamm atory exudate was present on the surface of the internal hinltmg 
membrane and was associated with an mgrowth of fibroblasts and capillaries 
mto the adjac^t vitreous The architecture of the retina was distorted by the 
displacement of the cells of one layer into another Many of the nerve cells had 
disappeared. 

The choroid showed a moderate infiltration with plasma cells, lymphocytes 
and mononuclear cells as did the sheath of the opbo nerve Parasites were pres- 
ent m large numbers m the retina withm the necrotic foci and in lesser numbers 
in the choroid 

B Palhologic changes m the central nervous system m adult toxaplasnwsts 
In contrast to the widespread destruction of the bram and spmal cord observed 
m infantile toxoplasmosis the disease in adults and older children produces path- 
ologic changes which arc more manifest in the other viscera with m.n.mnl 
m the central nervous system In the case observed by Sabin (71) dihgcnt search 
necessary before small granulomatous and necrotic foci were identified m 
the bram Parasites were also difficult to identify and were present only m 
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5 Adrenals, pawcrms and pituttary Involvement of the adrenal glands by 
Toxoplasma is frequent, occurring m 40 per cent of the eases m which histologic 
studies have been made The pathologic changes consist of granulomatous foci 
which frequently show necrosis Parasites are frequently found m the unin- 
volved tissue adjacent to the i n fl a mm atory foci but rarely withm them The 
pancreas and pitmtary contamed organisms without associated pathologic 
changes m one instance (22) 

6 Liver, spleen and lymph nodes The hver and spleen have been mvolved m 
all cases of toxoplasmic mfection m adults In infants the hver contamed 
the parasites m one instance without concomitant pathologic change m the 
tissue No pathologic change or microorganisms have been foimd m the spleen 
m any of the cases The pathologic changes are essentially the same as those 
described m the adrenals, consistmg of granulomatous foci with necrosis Par- 
asites have been observed m the reticuioendothehal cells as well as the paren- 
chymal cells The lymph nodes contamed parasites m only one instance and 
without significant pathologic change m the surrounding tissue (22) 

7 Bone marrow The bone marrow contamed small granulomatous foci m 
which Toxoplasmas were demonstrated m two instances (22 and Case II of our 
senes) In many of the reported cases no statement is made as to the presence 
or absence of lesions m the bone marrow although the presence of parasites m 
this readily accessible tissue would afford a rapid and easy method of diagnosis 
of this disease In one of the cases there were widespread visceral lesions caused 
by Toxoplasma while, m the other, organisms were demonstrable only m the 
central nervous system and bone marrow In the latter instance parasites were 
observed m the vertebral bone marrow as well as the mastoid process m as- 
sociation with an acute mastoiditis i 

8 Kidneys Lesions m the kidneys m which parasites have been descnbed 
are reported in 4 cases of toxoplasmic mfection Two occurred m infants (107, 
Case I) and two m adults (63, 22) In the remammg cases the pathologic changes 
consisted of focal granulomatous lesions with necrosis, similar to those seen m 
the hver and adrenal glands The mfiltratmg cells were prmcipaUy lympho- 
cytes and plasma cells although polymorphonuclear leucocytes were present m 
small numbers withm the foci of necrosis There was a focal glomenilitis ap- 
parently caused by the presence of parasites withm the swollen endothehal cells 
of the glomeruh Cellular infiltration was prominent about the preglomerular 
arterioles and there was widespread necrosis of the proximal convoluted tubules 
The medulla showed necrosis of the coUectmg tubules and cellular infiltration ~ 
about the renal pelves 

9 Ovanes and testes Cellular infiltration with small foci of necrosis has been 
observed m the ovanes m one case (56) without demonstrable parasites In this 
instance, which occurred m an infant, there was widespread mvolvement with 
Toxoplasma and both lesions and parasites were demonstrable m most of the 
other organs Zuelzer (107) reported the only case m which the testicles were 
involved Many of the seminiferous tubules had undergone necrosis and the 
lumma were filled with nuclear debris, plasma cells, lymphocytes and mononu- 
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clear cells The mterstitml substance was diffusely infiltrated with mononuclear 
pj» 11 h and contained many foci of hemorrhage Parasites were identified m the 
exudate withm the lumina and m the spermatogonia of the mtact tubules 
10 Sktn and subcutaneous tissue Toxoplasmas have been identified m the 
skm and aubcutaneous tissues m only twp cases m mfants (87, 66) and there 
were no associated pathologio changes In one case, reported m an adult (63), 
there were inflammatory foci m the dermis and subcutaneous tissues but no 
'.jiarasites could be identified In this instance there was a skm rash during the 
chmcal course of the disease 

vn PATHOGENESIS 

A Infantile Umrplasmosts The early observationB of Paige, Cowen and 
Wolf (102) have firmly established that m most instances infantile toxoplasmio 
mfeotion is acquired m utero The presence of the disease m a stiUbom infant 
(Case IV) with the onset of chmcal signs and symptoms at birth or withm a few 
days gives evidence that the infection was present and progressive before budh. 
Moreover, the advanced nature of the pathologic changes observed m the central 
nervous system at autopsy lends further support to the assumption that the 
infection was acquired m utero In one of the cases reported m this senes (Case 
V) the infant showed signs of disease at birth and died three hours later Ex- 
tensive zones of calcification were present m the bram m association with wide- 
spread necrosis In two additional cases signs and symptoms of the disease were 
present at buth, thus affording goodly evidence of a disease progressive untd the 
time of death The evidence m favor of the mtrautenne mception of infantile 
toxoplasmosis is further substantiated by the presence of neutrahsmg antibodies 
for Toxoplasma m the blood of the mother Paige, Cowen and Wolf (66) have 
demonstrated maternal antibodies m 3 instances m which the infants subsequent- 
ly died of extensive toxoplasmio encephalomyehtis Zuelzer (107) has also 
observed a similar case m which he was able to demonstrate the presence of 
neutrahzing antibodies m the serum of the mother In a second instance 
neutralization tests on the serum of the mother gave negative results This 
was mterpreted by hun to be evidence that the mfeotion was acquired post- 
partum The pathologic changes observed m this case suggest that the disease 
was an acute process as they consisted of granulomas with foci of necrosis No 
calcification was demonstrable m the bmm It is possible from this evidence 
that two forms of the disease ore present m infants, a congenital infection which 
produces pathologio changes m the fetus before burth and an acquired form of the 
disease which is a post-partum mfeotion That the second form represents a 
reactivated latent mfection of congemtal ongm must be considered but the 
absence of noutralizmg antibodies in the serum of the mother does not support 
this idea, for which reason it is reasonable to conclude that the disease is acquired 
after birth In all mstances m which the mother’s blood did not contam neu- 
trahzmg anUbodics the infants were not ill at the tune of birth and the path- 
ologic changes were those of an acute encephalomyehtis without calcification 
Sunilar lesions have been observed m experimentally infected mice that died m 
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lar spasm was a common finding and first mvolved groups of muscles m the 
extremities or face and then spread to mvolve the entire part GeneraJized 
convulsions were observed m 67 per cent of the cases In most instances the 

TABLE 2 


Reported cases of infantile toxoplasmosis 


CASE 

NUMBER 

AxrrHOtt 

SEX 

CEOGEAPHIC LOCATION 

ONSET 0? 
DISEASE 

DDEATION 

OP 

DISEASE 

AGE AT 
DEATH 

1 

Jankh (28) 

M 

Prague 

3 da 

11 or 16 

11 or 16 






months 

months 

2 

Torres (87) 

F 

Brazil 

birth 

2 da 

2 da 

3 

Richter (67) 

F 

Hhnois 

6 wk 

7 da 

7 wk 

4 

de Lange (19) 

F 

Netherlands 

9 da 

4 mo 

4 mo 

5 

Hertig (27) 

F 

Massachusetts 

birth 

25 da 

25 da 

6 

Wolf, Cowen (97) 

F 

New York 

2 da 

28 da 

30 da 

7 

Wolf, Cowen (97) 

M 

New York 

3 da 

28 da 

31 da 

8 

Wolf, Cowen, Paige (99, 100) 

F 

New York 

birth 

9 wk 

1 9 wk 

9 

Wolf, Cowen, Paige (99, 100) 

M 

New York 


stillbirth 

10 

Wolf, Cowen, Paige (99, 100) 

F 

New York 

2 da 

1 1^ da 

1 3ida 

11 

Sterner, Kaump (83) 

M 

i'Lchigan 

birth 

3 da 

3 da 

12 

Zuelzer (107) 

M 

Michigan 

birth 

11 da 

11 da 

13 

Zuelzer (107) 

M 

Michigan 

3 da 

27 da 

30 da 

14 

Callahan, Russell, Smith 

F 

Missouri 

birth 

4 da 

4 da 

16 

Callahan, Russell Smith 

F 

Missouri 

birth 

67 da 

67 da 

16 

Callahan, Russell Smith 

M 

Illinois 

6 wk 

17 da 

66 da 

17 

Callahan, Russell Smith 

M 

Missouri 

35 da 

34 da 

69 da 

18 

Callahan, Russell, Smith 

F 

Missouri 

birth 

3 hr 

3hr 


Cases 9 and 13 were in negro infants 


TABLE 3 


Neurologic signs and symptoms in infantile toxoplasmosis 



PRESENT 

ABSENT 

UNKNOWN 

Number 

Per cent 

Number 

Number 

Internal hydrocephalus 

12 

80 

3 1 

3 

Muscular twitching 

10 

71 

4 

4 

Convulsions 

10 

67 

5 

3 

Spasticity 

7 

64 

6 

5 

Opisthotonos 

6 

46 

6 

7 

Retraction of head 

4 

36 

7 

/ 

Stiff neck 

2 

22 

7 

9 

Paralysis 

2 

! 

18 

1 

9 

7 


onset was insidious and gradually developed into true dome convulsions 
neck and retraction of the head were observed m from 20 to 30 per cent of the 
cases The signs of memngeal mvolvement appeared only m those cases in 
which there was severe damage to the underlying nervous system It is assume 
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tlmt the pathologic changes observed m the meninges are secondary and the 
result of extension of the toxoplasmic infection from the underlymg nervous 
tissue In 46 per cent of the cases the convulsions were so severe that the 
opisthotomc position was assumed shortly before death Spinal or bulbar m- 
volvement was manifest by paralysis of the extremities, difficulty m swaUowmg 
or respiratory difficulty The usual sequence of events was muscular twitchmg 
followed by spasticity and generalized convulsioiiB The other neurologic 
manifestations frequently did not become evident until shortly before death 
Neurologic signs and symptoms were present m all but one case (Case V) m the 
present senes In this child there was respiratory difficulty at the time of birth 
and untd death, three hours later 

0 Ocular signs and symptoms Koch and Wolf, Cowen and Paige (30) have 
carefully studied the pathologic changes observed ophthahnoscopicaUy and have 
descnb^ the lesions at vanous stages of the disease In five of the slx cases 
which they report autopsies were performed and the eyes exammed histologically 
As seen through the ophthalmoscope the lesions are predominantly bilateral, 
focal and frequently multiple The macular region m each aye is mvanably in- 
volved but penpheml lesions may also occur The earliest acute lesions which 
they observed were characterized by localized edema, mdefimte demarcation 
from the surrounding retina and necrosia Frequently chonoretinal atrophy is 
present to such a degree that the underlying sclera may be visualized Foci of 
atrophy are frequent with extensive pigment deposits at the periphery of the 
leaons Older lemons consist of sharply marginated foci of chorioretinal atrophy 
and proliferation with diffuse irregular pigmentation The vitreous was not 
mvolved m any of the cases 

Other ocular changes were frequently associated with toxoplasmic chono- 
retmitis Microphthalmos with atrophy of the cornea was present m all cases 
which they exammed Atrophy of the optic nerve with varymg degrees of re- 
fractive errors was usually observed Papilledema may or may not be present, 
depending upon the lemons m the central nervous gystem Toxoplasmic cho- 
noretmitia must be differentiated ophthahnoscopically from 1) pseudoghoma, 
2) mtraocular tumor, 3) traumatic lesions, 4) hereditary macular defects and 
6) congemtol developmental defects of the choroid and retma 

3 Olher stons and symptoms These are collectively summarized m Table 4 

a Jaundice Although jaundice is not an mvanable findmg m toxoplasmic 
infecbona m infants, it was present m 6 of 18 cases Tho reasons for its oc- 
currence cannot be satisfactorily explamcd except m one mstance In this case 
pathologic changes were present m the hver, consistmg of severe degenerative 
changes with destruction of the hepatic architecture and swelhng and vacuolation 
of the hver cells (107) The Kupffer cells contamed granules of brown pigment 
and there were numerous foci of extramedullary eiythropoiesis Granulomatous 
lesions and parasitea were not found and the author did not attribute the patho- 
logic changes to toxoplasmic infection In tho other cases tho lemons m the In er 
were insignificant Toxoplasmas have been identified m the hver m one case 
but the organisms were withm hepatio cells and there was no accompanymg 
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cellular reaction (Case I) In three cases jaundice was severe and numerous 
nucleated red blood cells were present in the penpheral blood. These findings 
together with enlargement of the hver and spleen led to the clinical diagnosis 
of erythroblastosis fetalis The pathologic findmgs in these cases are difllcult 
to evaluate because of the presence of a severe toxoplasmic mfection However, 
in aU cases unusually large numbers of foci of extramedullary erythropoiesis 
were present m the hver and spleen Although these infants with toxoplasmosis 
could have had erythroblastosis it seems unlikely that three of them would 
have the disease From the evidence available it is more probable that a severe 
toxoplasmic infection was the factor responsible for the pathologic changes 
observed 


TABLE i 


Syatemtc signs and symptoms m 18 cases of infantile toxoplasmosis 



t 

PKESEJfn: 

ABSSHT 

ONKNOWN 

Number 

Per cent 

Number 

Number 

Splenomegaly 

7 

60 

7 

4 

Hepatomegaly 

9 

64 

6 

4 

Jaundice 

5 

42 

7 

6 

Purpunc spots 

3 

33 

9 

6 

Feeding difficulty 

9 

64 

6 

4 

Diarrhea 

4 

31 

9 

6 

Vomiting 

6 

43 

8 

4 

Upper respiratory infections 

6 

46 

6 

7 ' 

Pulmonary signs 

11 

73 

4 

3 

Fever* 

9 

60 

6 

3 

Subnormal temperature* 

7 

64 

6 

6 


* In two cases the temperature was extremely fluctuant and is recorded as both sub- 
normal and elevated 


Sabm (75) suggested that Toxoplasma may produce some toxic substance and 
that the jaundice may be the result of the toxic substance acting on the hver 
cells However, other signs and symptoms to mdicate a toxic substance have 
not been observed, so judgment regardmg this pomt must be reserved 

b Hespiratory disturbances Five infants showed signs and symptoms of 
respiratory mfeetaon soon after birth In three, Toxoplasmas have been iden- 
tified m the lungs m association with an mterstitial type of pneumomtis In 
one additional case the typical pathologic changes of mterstitial pneumonia 
were present but no organisms were identified The known frequency of pul- 
monary lesions m animal toxoplasmosis and the occurrence of a severe pulmonary 
involvement m adults is good presumptive evidence that the lesions are caused 
by this organism Intercurrent bacterial pneumoma may comphcate the pictxne 
and make it extremely difficult to evaluate the mcitmg cause of the lesion 
c Temperature Five of the 18 cases had a subnormal temperature throughout 
the entire course of the illness, while seven developed an elevated temperature 










[isease which persisted until death In two of the cases the tempera- 
ject to variations so wide that it was both subnormal and elevated 
a m which a fever developed the temperature was extremely variable, 
vide variations withm a 24-hour penod It may be concluded from 
ations that there is nothing charaotenstio about the temperature m 


intestinal symptoms In 8 of the patients there was vomitmg or 
1 m a few these were the first preaentmg symptoms of the disease 
h symptoms developed soon after birth and became mcreasmgly 
le infants were feedmg problems 

rascular symptoms In one case edema of the extremities and 

0 noted and there was an associated diffuse myocarditis m which 
oxoplasmaa nere found m the myocardial lesions at autopsy Six 

1 myocarditis In some of the cases the lesions were focal while m 
was diffuse disease that was associated with foci of necrosis In 

ixoplasmas were identified m the myocardium without occompanjmg 
y changes Although few instances of cardiovascular disturbances 
loted olimcally the high mcidence of mvolvement of the cardiac 
justifies the conclusion that cardiac damage is a frequent comphca- 
iisease 


toxopUumons The climcal signs and symptoms observed m adult 
IB have been extremely variable and the number of cases is too nrfiaP 
ifimto conchiBions The first case described by Pinkerton and 
32) was oomphoated by a concomitant infection with Bartonella 
I so that the chnioal findings cannot be accurately evaluated. In 
sequent cases reported by Pinkerton and Henderson (63) the filnpiw 
cnred by sudden onset with chills and fever, and a variable but 
ovation of the temperature throughout the course of the disease 
maculopapular eruption mvolvmg the entne body with the exception 
of the hands, the soles of the feet and the scalp Pulmonary mvolve- 
le outstandmg feature of the disease, both chmcally and patbologi- 
th was apparently caused by mterference with the respuntory 
(63) A diffuse mterstitinl pneumomtis with focal necrosis was 
:e lungs at necropsy Numerous parasities were identified m the 
lesions The climcal signs and symptoms referable to the central 
tem were so insignificant that there was no exanunation made of the 
a fluid This is m sharp contrast to the disease as observed m m 
1 the lesions m the central nervous system compose the principal 


observed m an American soldier (68) manifested enbrelv * 

s and symptoms After the onset of the dis^ 

defimte symptoms referable to the central nervous 

psy revealed that the pathologic changes were 

•he bram The pathologic changes observed entirely re- 

lephalomolacia with numerous paxaates m Md^Md^Le'^T 
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Gmmaraes (22) reported a case which was comphcated by chronic malaria and 
the patient's course of recurring chills and fever with gradual weakness cannot 
be accurately detemuned to have been entirely due to Toxoplasma, although 
parasites were foimd widely dissemmated throughout the body at the time of 
autopsy 

In general from the foregomg observations it may be said that toxoplasmic 
infections m adults produce a variety of clmical signs and symptoms There is 
more tendency m the adult type of infection for widespread mvolvement of the 
viscera than is seen m the infantile form of the disease This is probably related 
to the portal of entry and the mode of infection 

rx LABORATORY EXAMINATIONS 

A Unne In 3 cases inflammatory lesions m the kidney were present In 
2 theie was an mterstitial type of inflammation which consisted of a diffuse 
infiltration with l 3 rmphocytes, plasma cells and mononuclear cells There was 
associated swelhng of the cells of the tubular epithehum, m some instances with 
necrosis The urmalyses done dunng these patients’ stay m the hospital were 
negative Zuelzer (107) reported a case m which the renal changes consisted of 
focal and acute necrotizmg glomeruhtis with necrosis of the adjacent renal 
tubulai epithehum Although there were significant pathologic changes m the 
kidneys m the aforementioned 2 cases of toxoplasmic infection, no significant 
changes were noted m the unne It may be safely concluded from these observa- 
tions that exammation of the unne is of httle or no value m the diagnosis of 
toxoplasmic infections 

B Blood' Anemia was a common feature of toxoplasmosis m mfants, bemg 
present m 50 per cent of the cases m which the blood was exammed The 
existence of anemia m newborn infants with severe infections is, however, a 
fairly frequent occurrence In 4 cases nucleated red blood cells were present 
m the penpheral blood, although m the newborn a few normoblasts is not unusual. 
In 3 cases, however, the percentage of nucleated red blood cells was extremely 
high and was one of the determimng factors m makmg the clmical diagnosis of 
erythroblastosis fetalis In one case there was a persistent leucopenia through- 
out the entire course of the disease On the other hand, 50 per cent of the cases 
showed a leucocytosis with a marked shift to the left However, m 3 of these 
cases there was an associated bacterial infection that could have been the causa- 
tive factor for the mcrease m the number of white blood cells One infant 
showed no mcrease m the white blood cell coimt thioughout the course of the 
disease The differential count usually revealed an mcrease m the number of 
monocytes and an absolute nse m the number of lymphocytes No abnormal 
cells or immature forms were observed m the penpheial blood Hemorrhagic 
tendencies that were noted m 3 cases are difihcult to explam In one of these 
cases there was anemia with an associated leucopema but a platelet coimt was 
not done One can only assume that m this instance there was depression of 
the cellular elements of the bone marrow with resultmg thrombocytopenia 
In one instance m which the infant was jaimdiced and the hver and spleen were 
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enlarged no blood afcudies were performed although a tentative diagnosis of 
hemorrhagio disease of the newborn was made In only one case has there been 
an mcrease m the number of eosmophda m the circulating blood In general it 
may be stated that the hematologic picture is one of leucoc3ftosi3 with an absolute 
mcrease m the number of monocytes and lymphocytes m the penpheral blood 
There is usually an anemia which is frequently accompanied by hemorrhagic 
tendencies. However, this picture is extremely variable and is not of diagnostic 
significance 

C Cerebrospinal fluid. The cerebrospinal flmd was exammod m each of the 
18 cases of mfantite toxoplasmosis and m each case there was an mcreased pro- 
tem content In none of the cases was there an elevation of the cerebrospinal 
sugar Xanthochromia was present m all but one case There was usually 
pleocytosis, chiefiy of mononuclear cells In general, however, the cell studies 
were unsatisfactory The ventricular flmd showed essentially the same type of 
changes as flmd withdrawn from a lumbar tap The ventricular flmd was 
xanthochromic, usually turbid with pleocytosis and elevation of the protem 
The frequent association of lesions m the ependyma with ulceration of the 
ventricular surface of the bram is probably responsible for many of the changes 
that occur Examination of the cerebrospmal flmd affords the moat constant 
significant laboratory exammation for the presence of infantile toxoplasmosis 

D Roenlgenograms No roentgenograms of the skull were made m the cases 
presented here However the necropsy study revealed cerebral calcification m 
all cases to a d^pree that could have easily been visualized by roentgenograms 
had they been made In other reported cases cerebral calcification has been 
observed by roentgenograms m the cerebral hemispheres, the basal ganglia, the 
thalamus, the caudate nuclei and m the region of the postcentral gyms The 
calcification that was observed m our coses at the time of autopsy was predomi- 
nantly m the panetal and occipital regions of the cerebral corte.x 

E Immunologic studies Neutraluang antibodies against Toxoplasma are 
formed by the host and their demonstration is the most reliable method available 
for climcal diagnosis of the disease The test for the demonstration of the 
presence of neutmlmng antibodies affords a simple and rapid method for the 
presumptive diagnosis of toxoplasmosis The details of the performance of 
this test will be found m papers by Wolf, Cowen and Paige (101), ^bm (74), 
and Callahan (8) The test is performed on the skm of the rabbit and various 
dilutiona of a suspension of Toxoplasma are mixed with a given amount of the 
prepared serum The presence of neutrahzmg antibodies prevents the formation 
of a necrotio lesion on the skm of the rabbit A control usmg Tyrode’s solution 
broth or salme is used This test promises to be of real value m future work 
concerning the mcidence of toxoplasmosis m largo groups of population 

X NONFATAL INffrANCES OF HUXIAN TOXOPLASMOSIS 

In lffl2 Cowen, Wolf and Paige (16) reported 6 cases of toxoplasmic mfections 
m children This contradicted the conclusion reached from their previous 
studies mdicatmg that the mfection was uniformly fatal These cases showed 
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OSTEOMALACIA AND LATE RICKETS 

Thb Various Etiowqies Met in the Dnitbd States with Emphasis on That 
Rbsultinq prom a Specipig Form op Renal Acidosib, the Therapeutio 
Indications por Each BnoLooicAL Sub Group, and the Relationship 
BETWEEN Osteomalacia and Milkman’s Syndrome^ ’ * 

fuller ALBRIGHT, MJ3 , CHARLES H BURNETT, ALD , WILLLIM 
PARSON, MJ) , EDWARD O REIFENSTBIN, JR , M D , and 
ALBERT ROOS, M D 

From the Medtcal Sarcue of the ifaetachueeUe General Hotptial and the Department of 
Medicine of the Harvard Medical Schoolt Boston, Massachueelte 

Osteomalacia and its counterpart m growing children, so called ‘late rickets”, 
are usually considered very rare conditions in the Umted States, they ore rare 
but not very rare The diegnosia is often missed, which is unfortunate amce the 
treatment la emmently successful It is the purpose of this paper to trace several 
pathological sequences which lead to this osseous abnormahty, to emphasize 
one sequence in particular dependent on a particular form of renal acidosis, to 
outhne the therapy for each of the etiological sub-groups, and to pomt out that 
Milkman’s Disease is a form of Osteomalacia 

DEFINITION AND NATURE OP OSTEOMALACIA 

Osteomalacia (‘‘adult ncketa”) is a disorder of bone tissue oharaotenzed by a 
failure of calcium salts to be deposited promptly m the newly formed bone matrix 
(osteoid) The reason for this failure is to be found m the body llmds which 
contain too httle calcium for the level of inorgamo phosphorus or, to place the 
emphasis differently, too httle morgamo phosphorus for the level of calcium to 
allow for normal precipitation of whatever salt of calcium it is that is precipitated 
mto bone matrix The serum calcium level is normal or low, the scrum phos- 
phorus* level IS low or normal, in any case the product of the serum calcium m 
mg and the serum phosphorhs m mg is lower than normal Furthermore, the 
failure of the bone to be calcified (or pbospbonzed) leads to weakened bones, 
this leads to on increased activity of the osteoblasts, tlus m turn leads to a high 

' A part of tbo work dcecHbcd Ja this paper waa dono undor a eoatraot, reconunondod by 
the CoDUmttco on Medical Research between the Offioo ol Soiontirio Research andDovclop 
mont and the Mnesachusotts General Hospital Tho oxponso of these studies was partly 
dejrayed by grants from the Josiah hlaoy, Jr Foundation, tho National Research Council 
(Committee for Ucsoarch in Endocnnology), and tho Mary Gove Kttman Fund A bod 
supported by the Malllnckrodt Chemical (Company on tho Motabollo Ward was used for 
port of these studies 

I Aside from vanous individunls whoso names are mentioned In parts of tho paper tho 
authors are indebted to Esther Bloombsrg, Dorolh) F Bryant, Eleanor F Dempsey ’and 
Lowell D Cox for Icchnicnl aasistanco ' 

* An abstract of this paper was read boforo tho jUnorican Academy of Pediatnes by ono 
of us (F A ) as on invitation paper connootod with tho Mead Johnson Award tor IMl 

* Henceforth in this paper by 'sorum phoaphorua’ la meant sorum inorganic phosphorus 
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serum alkalme phosphatase level Rickets has aU the characteristics of osteomala- 
cia plus some additional changes at the groivmg epiphyseal cartilage, notably 
faulty calcification of the zone of provisional calcification 

DIPPERENTATION OF OSTEOMALACIA PROM OSTEOPOROSIS 
AND OSTEITIS FIBROSA GENERALI8ATA 

Osteomalacia is to be differentiated fiom two other chrome metabohe disorders 
likewise characterized by too httle completed bone tissue These aie osteoporo- 
sis and osteitis fibiosa generahsata 

In osteopoiosis the deciease of bone tissue is due to the fact that the osteoblasts 
lay doim too httle bone matnx, that matrix which is laid doivn is normally calci- 
fied Thus, smee osteopoiosis is a disorder of tissue metabolism, not of calcium 
or phosphoj us metabolism, one is not sm prised to find noimal serum calcium and 
phosphorus levels The serum alkahne phosphatase level, the index to osteo- 
blastic activity, is likeivise noimal, — ^not low as one might at first thought expect 
A normal phosphatase level really means a relatively low level if one considers 
the fact that the skeletal mass, bemg decreased, is more subject to stresses and 
strams, the usual stimulus to osteoblasts 
In osteitis fibrosa generahsata the decrease m bone tissue is due to mcreased 
bone lesoiption, not deci eased bone formation as m osteomalacia and osteoporo- 
sis The mcreased bone resorption leads to deci eased bone strength and this m 
turn leads to an mcreased activity on the part of the osteoblasts and hence to a 
high seium alkahne phosphatase level The commonest cause of osteitis fibiosa 
generahsata is hyperpaiathyroidism which, if present, is associated with a low 
serum phosphoius and a high seium calcium level 

In summary, therefoie, the expected findmgs in osteomalacia aie a noimal or 
low seium calcium, a low or noimal seium phosphoius (most commonly a 
normal serum calcium with a low serum phosphorus), and a high serum alkalme 
phosphatase level, m contrast to these findmgs aie the normal serum calcium, 
phosphorus, and phosphatase levels m osteoporosis and the high serum calcium, 
low seium phosphoius and high seium phosphatase levels m osteitis fibrosa 
generahsata when the latter is due to hyper para thyioidism 

IS milkman’s syndrome a form of osteomalacia? 

In 1930 and 1934 Milkman (1, 2), under the designations of “Pseiidofi actures” 
and later of “Multiple Spontaneous Idiopathic Symmetrical Fractures”, de- 
scribed a chrome condition of bone, the tiue natiue of which, if one is to judge by 
a recent aiticle by Edeiken and Schneebmg (3), has i emamed somewhat obscure 
Milkman’s classical case (1, 2) ivas that of a woman of foity-three with a pi^t 
history of the passmg of renal calcuh, ivhose first synptoms were pam m the 
lower back and extremities and a waddhng gait No skeletal abnormahties were 
recogmzed by x-iay dming the fiist two years of hei illness, thereafter “nbbon- 
hke zones” of decalcification, many of them symmeti ical, appeared The pahent 
died aftei six years of generahzed pams By that time forty-three bony de ec 
were present but the skull and pelvis remamed unmvolved Of mtferest among 
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the autopsy findings were “diffuse nephntis” and the diagnosis of osteomalacia 
by two of three pnthologista Milkman emphasized the absence of bone 
defonmties and the late occurrence of bone displacement, and defined the sjm- 
drome os a "systemic disease mvolvmg the enture skeleton, flat and tub- 
ular bones, with symmetrical fractures startmg m the cortex" Not em- 
phasized by hlilkman and possibly of importance m view of the discussion to 
come concerning renal acidosis and Fancom Syndrome, were the diffuse nephri- 
tis, the history of passmg stones, and the findmg of mtemnttent but rather 
marked glycosuria (up to 6%) and ketonuna m the presence of normal fastmg 


blood sugar levels 

The first question is are the findings m Milkman’s Syndrome due to osteo- 
malacia? The anthers feel certom that they are This conclusion is based on 
four considerations a) the symmetrical ribbon like zones of decaloification, seen 
by x-ray and often occumng m otherwise normal appeanng bone, are oharacter- 
istio of osteomalacui and of that disease alone, b) the serum calcium, phosphorus, 
and phosphatase findings m most of the undoubted coses ore those of osteo- 
mnlana, c) such patients respond to therapy based on the assumption that they 
have osteomalacia, and d) the histo-pathology, if carefully studied, is that of 
osteomalacia These items wfil now be discussed one by one. 

The formation of bone conasts of two steps laymg down of the matrix by the 
osteoblasts and the calcificaUon of the matrix, m osteomalacia the first of these 
steps 13 mtaot, the second deficient The heahng of a fracture consists of the 
same tivo steps In a fracture compheatmg osteomalacia one would anticipate 
that the first step would proceed normally, or even better than normally m view 
of the mcreased number of osteoblasts, whereas the second step would bo faulty 
Such has been shown to bo the case m experimental osteomalacia m rats Ham, 
Tisdall, and Drake (4) did a lety simple and conclusive experiment on rats. 
Fractures were produced m a group of rachitic rats, x rays at the end of three 
weeks gave the impression that no imion had taken place, histological studies, 
however, showed the presence of excellent calluses which were not calcified, 
similarly treated anim a ls , allowed to five four days longer and given vitamm D, 
showed rapid calcification of tho calluses but bttle change m their histological 
appearance Thus, if a fracture without dispbcement were to occur m a patient 


with osteomalacia, one w ould expect umon to occur but tho zone of callus forma- 
tion to remam uncalcafied 

But do such fractures occur m undoubted cases of osteomalacia m humans? 
Tho answer is jes Tho subject lias been extcnavelj discussed m the German 
htcraturo, notably by Looser (6, 0) who clmractcnzed suchimited but uncaloficd 
fractures as ‘‘Umbauzouen’’ (zones of transformation) To bo sure, it was not 
Looser's conception that tho first step was an actual fracture, ho conceived of tho 
process as a “slow ly progressmg callus formation insido tho bone” brought about by 
a “mechumcul imlation duo to strain” and by “small local mfractiona" The net 
result IS a local “transformation of bone” Bj transformation (Umbau) of bono 
ho meant a cliango from lamellar bono to that charaotenstio of a callus, namely 
braided (geflcchlarlig) bono Tina author goes on to state that “since tho coUua 
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in osteomalacia lemains uncalcified for a long tune, it is imderstandable why the 
zone of bony transfoimation remains for a long time after its formation as a zone 
of decreased density by x-ray ” 

From the above discussion it seems clear that the nbbon-hke zones of decalci- 
fication characteiistic of Milkman’s Syndrome are consistent with an imderlying 
osteomalacia The question anses as to whether they are found m any other 
systemic bone disease It is the authors’ opmion that they are not In this re- 
spect, the authors are m disagreement with the conclusions of Camp and McCul- 
lough (7) who, in a most informative and valuable paper, speak of the lesions 
under discussion as “pseudofractures” and emphasize the fact that they occur m 
a great variety of conditions, these, they state, mclude osteomalacia, rickets, late 
rickets, cehac disease, chrome idiopathic steatorrhea. Gee’s disease, non-tropical 
sprue, sprue, severe chrome acidosis or hyperglycemia, renal nckets, early and 
late osteogenesis unpeifecta, fragihtas ossium, hyperparathyroidism, hyper- 
thyroidism, osteitis defoimans (Paget’s disease), adrenal-pitmtary bone dys- 
trophy, congemtal syphilis, osteomyehtis, osteopetrosis (marble bone), march 
fracture, and certam blood dyscrasias It should be pomted out that the bone 
disturbance m the first eight of these conditions is nckets or osteomalacia de- 
pendmg on the age of the patient, and that the disturbance m the next two 
(chromc-acidosis-or-h 3 q)erglycemia and renal nckets) may be osteomalacia or 
rickets (vide mfra) The present authors agree that lesions occur m conditions 
other than osteomalacia which by x-ray somewhat resemble these umted but 
uncalcified fiactures seen m osteomalacia This is especially true m Paget’s 
disease, polyostotic fibrous dysplasia (osteitis fibrosa disseminata), and osteo- 
genesis imperfecta For example, in polyostotic fibrous dysplasia at a pomt 
where marked bendmg has occurred, one often sees by x-ray a somewhat similar 
appearance (see fig 1), it is qmte clear, however, that such a lesion represents a 
fibrous and cartdagmous umon, really a pseudarthrosis, not an uncalcified callus 
Furthermore, the fracture-hke appearances in most of these other conditions 
always occur through areas of defimte bone pathology by x-ray (see fig 1) , m 
osteomalacia, on the other hand, they may occur m bone appearing othenvise 
perfectly normal by x-ray Indeed, the only x-ray evidence of the bone disease 
may be these “fracture” fines To be sure, “march fractures” and the “insuf- 
ficiency fractmes” of Hansson (8) occur m otherwise normal appearing bone, 
such fractures, however, diflferentiate themselves from the pseudofractures of 
osteomalacia by umting and promptly calcifymg Another pomt of difference 
hes m the fact that these fines of “fracture” in nckets and osteomalacia tend to be 
symmetrical and to occur over and over agam at certam points, — ^the necks of the 
femurs, the ramuses of the pubic and ischial bones, the nbs, etc Perhaps the 
commonest of these sites is the axiUary edge of the scapula (see fig 2 and fig 37B) 
In conclusion, therefore, it may be stated that nbbon-hke zones of decalcification 
which occur m otherwise normal appearing bone, which last months or years 
without regressmg, and which exhibit a marked tendency to be s 3 Tnmetncal, 
occur only m osteomalacia or rickets 

A word should be said about the reason that these umted but uncalcified 
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fractures m osteomalacia and rickets tend to occur m symmetncid positions 
This question is discussed m detail by Looser (6) and his explanation is that 
tensions and stresses are apt to be symmetrical as opposed to trauma, the com- 
monest cause of fractures m general 

The serum chemistry findmgs m Milkman’s Syndrome strongly support its 
bemg a form of osteomalacia. As discussed above, with this diagnosis one should 
find a normal or low serum calcium leiel (normal circa 10 mg per 100 cc ), a low 
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Ecnmi phcsphonis leiel (normal circa 3 2 mg for adults, higher for children), 
and a high serum phosphatase le\cl (normal circa 2-5 Bodanski luiits (B U ) for 
adults, higher for children) The scrum calcium m hfilkmim’s elas-sical case 
(1 2), except for one almost certainic faulty defcrmmation, was 10-11 mg , the 
serum phosphorus was ier> lo« on two dctermiuations and \erj high on two 
others Smeo errors m this determination arc almost all upward it is probable 
that the actual \uUic was low In the si\ new cases to be reported below, the 
blood serum findmgs were all coiLsistcnt wuth ostcom ilaci i, \ir case 1— 'crura 
calcium 10.2 and 10 ti mg '100 cc , scnmi phosphorus I 0 and 1 5 mg /lOO cc , 



Fig 2 X-bais oi Six DiFFHUbNT Scapulae to Emphasize Fbequency and Unifobmity 
OF Appeabancb of Pseudofbactubes (See Abbows) in the Scapulae 
(A) Milkman’s case (2), (B) case of Camp and McCullough (7), (C) case 1 right scapula, 
(D) case 1 left scapula, (E) case 2, and (F) case 4 The authors are indebted to Dr Milkman 
and the Journal of Roentgenology and Dr Camp and Radiology for permission to use hg 
2A and fig 2B, respectively 

mg /lOO cc (blood taken aftei mstitution of vitamm D theiapy), and seium 
phosphatase 6 2 and 9 4 B U , case 4 — seium calcium 9 5 mg /lOO cc , seium 
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calcium 11 2 and 9 7 mg/lOO cc , serum phosphorus 2^ and 2 2 mg /lOO cc , 
and serum phosphatase 16 3 B U , case 9— serum calcium 9 7 and 10 1 mg /lOO 
cc , serum phosphorus 2 8 and 2 2 mg /lOO cc , and serum phosphatase 8 4 and 

9 2 B U , 

The flndmgs m most of the clear-cut cases of the syndrome reported m the 
hterature which have come to the authors’ attention are hkeuTse those of osteo- 
malacia, vu case of Michaehs (9), a man of 18, serum calcium 11 6 and 12 7/100 
cc , serum phosphorus 1 6 mg /lOO cc , case of Debray (10), a woman of 51, serum 
calcium 10 8 and 11 4 mg /lOO cc , serum phosphorus 2 4 mg /lOO cc , cose of 
Garcm, Legrand, and Bernard (11), a female of 53 years, serum calcium 10 4 
mg /lOO cc , serum phosphorus not reported, senun phosphatase 6 5 B U , case 
of Leedliam Green and Goldmg (12), a 24-year old female, serum calcium 9 0 
mg /lOO cc , serum phosphorus 2 2 to 2 8 mg /lOO cc , and serum phosphatase 
30 B B , case of Havault, Girard, and Didierlaurent (13), female of 61, serum 
calcium 11 7 mg /lOO cc , serum phosphorus 1 0 mg /lOO cc , case of Kornblum 
(14), male, age 25, serum calcium 9 0 and 9 4 mg /lOO co , serum phosphorus 2 5 
and 2 1 mg /lOO cc , serum phosphatase 5 1 and 6 6 B U , case of Edeiken and 
Schneeburg (3), female, aged 34, serum calcium 9 3 and 11 0 mg /lOO cc , serum 
phosphorus 2 0 to 2 6 mg /lOO cc , serum phosphatase 14 1 and 14 S B U On 
the other hand, the case reported by dall’Acqua, Levi, and Bordoh (15), wiOi a 
normal serum calcium lei el, 8 9 mg /lOO cc , and a high serum phosphatase level, 
had a normal serum phosphorus level, 3 4 mg /lOO cc This latter i alue is to be 
questioned, how e\ er since these authors found the serum acid soluble phosphorus 
to be exactlj the same as the scrum morgamc phosphorus le\ el Another case 
m the foreign hterature failed to show a low serum phosphorus value, the case of 
Guillam, LerebouiUet and •Vuzepy (16) It is always possible that the deter- 
mmations may haie been erroneous, it is more probable, however, that some 
authors by “serum phosphorus’’ mean “serum acid soluble-phosphorus”, or 
‘ total serum phosphorus ” In the English and American hterature “serum 
phosphorus” has come to be almost synonymous with “serum morgamc phos 
phorus” and the otlier detemunations are seldom done, this is apparently not so 
m the French hterature It will be seen, therefore, that tlie serum calcium, 
phosphorus and phosphatase i alucs m this group of cases speak strongly in favor 
of osteomalacia. 

The tlurd piece of e\ idence that IMilkman’s Sjudromo is a form of osteomalacia 
has to do wuth the excellent responses one gels to therapies based on tlie assump 
tion tluit the syndrome is a form of osteomalacia fec\ eral of the cases report^ 
m tlie hterature bale responded fax orabb to vitaramD thcrapj , others have not 
lAi will be discussed liclow, there are several etiologies for osteomalacia and 
mdess one understands just what the etiologj is, one cannot obtain (ho best 
results Tliosc cases wluch are due to simple lack of \ itomm D will rcsiiond to 
small doses of (his agent other cases vnll require other agents m addition How 
ever, the evidence to be presented will make it qiute clear Uiat each etiological 
tjpo of Milkman’s Sj-ndrorao responds to the correct therapv for overcommg 
osteomalacia of that particuhir type 
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Why, Since bone mateiial has been available to pathologists, does theie lemam 
any question as to the natuie of the bone disease? Thus, bone biopsy fiom the 
case of Michaelis (9) was examined by thiee emment Geiman pathologists 
including Di Schmorl of Dresden and Di Pick of Beihn, to be sure, they found 
the specimen unsatisfactoiy but they could make no diagnosis othei than to rule 
out myeloma As mentioned above, two out of thiee pathologists consideied the 
bone histology of Milkman’s classical case to be that of osteomalacia Dr 
Granville A Bennett concmied m the diagnosis of osteomalacia (vide infia) 
makmg thiee out of foui m favor of this diagnosis Theie was also a diffeience of 
opimon in the mteipietation of the biopsy in case 1 (vide infia) 

The difficulty m commg to a pathological diagnosis is twofold A) most of the 
biopsies have been taken from the pseudofiactures, and B) the osteomalacia m 
many cases is of a low degree The histology of a callus is veiy comphcated at 
best, and m a decalcified preparation it is most difficult to diffeientiate between a 
callus foimed m noimal bone and a callus foimed m osteomalacic bone Ham, 
et al (4) found this out m expeiimental osteomalacia in lats (vide supia) 
ObAuously, m a generalized bone disease such as osteomalacia, one should take 
one’s biopsy away fiom the fiacture site Even tins may not lead to a cleai-cut 
diagnosis , thus, m case 2 such a biopsy faded to show defimte osteomalacia This 
IS perhaps understandable In the ncimal adult skeleton, bone formation is not 
veiy active, smce osteomalacia by definition is a geneiahzed bone condition m 
n hich theie is a fadiue of calcium salts to be deposited m newly pi epaied osteoid, 
its diagnosis will be moie difficult wheie very httle osteoid is being laid doivn 

Dr GianviUe A Bennett of the Depaitment of Pathology of the Harvaid 
Medical School v as able to make a defimte diagnosis of osteomalacia on a pseudo- 
fiactiue fiom a rib of case 1 (see fig 3) , through the comtesy of Di Milkman, Dr 
Bennett also had the oppoitumty to reiaew the bone histology m his case and 
came to an almost defimte diagnosis of osteomalacia Excerpts from Dr 
Bennett’s repoit are heie lecorded 

“In both cases theie is evidence of impeifectly calcified bone matiix m the 
peiipheial poitaons of the bone tiabeculae This change is moie marked m the 
rib fiom the California case (case 1) and m this case, at least, seems to indicate 
osteomalacia I think osteomalacia must also be consideied as the best diagno- 
sis m Milkman’s case 

“The othei featiue of similaiity between the two cases is the mcoipoiation of 
fibi ocai tilage m the bone tiabeculae and m osteoid matrix In the Calif oima 
case this is best explamed, it seems to me, on the basis of imperfect lepau of a 
fractme In Milkman’s case, such metaplastic changes are so frequently seen 
in close relation to tendon msei tions that I wonder if the metaplasia is not the 
result of reparative pi ohfei ation, in an unstable osteomalacic bone 

An mspection of fig 3 will leave no doubt as to the diagnosis of osteomalacia in 
this case Furthermore, the bone tissue obtained at autopsy on Case 9 shows 
flond osteomalacia (see fig 38) Thus, we have, as a fomth piece of evidence 
t.hnt. MilVmnn’s Svndrome is a form of osteomalacia, the histological findmgs 
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Case I Dmgnoflis Milkman’s syndromo, osteomalacia of undetermined etiology It 
was this case which first brought Milkman s Syndrome to the attention of ono of us (F A ) 
The patient has never been seen by our Boston group but all the data have been supplied 
by a group of Cnbfornia mveatigatora to ^hom the present authors are greatly indebted * 
The patient Mrs A J first consulted Dr Smith in 1039 at the age of 37 Following t^e 
birth of her second child 7 years previously aho developed tiredncsa of the hips ’ pamim 
the back and difficulty in picking up her heels ” The condition progressed so that in 1939 
she could w alk only mth crutches and had groat difficulty getting up from a sitting position 
The points of mtereat m the post history were jaundice at 22 of short duration absence of 
dental trouble, poor appetite, regular bowel moioments occasional digestive disturbances 
reUeved by food or alkalis and noctuna (three times) 



Fio 3 MitkAiAN s SYNoaouK Case 1 \ rat of Pseudovuactoiib or Rib 

For microscopic appearance see fig 4 

Ph> Bical examination w as non-contnbutory except for weight of 1 12J pounds, deformities 
of the buck and chest suggesting collapsed vertebrae, limitation of motion of tho hip joints, 
white sclerao and blood pressure of 120/80 

As rcgonls the x raj findings (sco fig 6 and 0), the following quotations are taken from 
Dr Stone a report of 9-21-36 m almost all of tho bones tho numlicr of trabeculae is 

decreased m nmnj places, jiurticularlj in the ribs then) are streaks of decreased dcnsitj 
which closclj resemble fractures ono would need to consider these all as fractures wxro it 
not for tho fact tliut lu sonio places such os llio scapulae and the pelvis tlicj do not com 
plotclj cross the bono the periosteum overlying these areas of dccreasod density has been 

‘Tins group includes the lalo Dr Arthur M Smith of Oakland Cahfomia who in ItHO 
first wrote ono of us (I \ ) concerning tho patient Dr Dudloj W Rcnnett of tho Universit) 
of California Hospital Sanhmncisco who studied the patient oxtonsivcb m 1937 and whoso 
findings wen traiisniiltcil to the authors Dr Roberts Stono and Dr Earl U Miller of tho 
Umxcrsltj of California Hospital who made tho x rays of the patient available Dr bred 
onck C Best who took a biopsy of one of tho nl s and Dr Cluirlns L Connor of the Uni 
versity of Cahfomia Hospital San Irancisco wbosent tho biopsy uiatcnal on for study by 
CranvillciV Bennett 
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elevated, and m many places subperiosteal new bone has been laid down the changes 
seen are almost bilaterally symmetrical thus we find that there is an area of this osteoid 



Fig 4 MinaiTAN’s Syndrome Case 1 Pseudopbactube op Rib 
(A) Low-power magmfication of section through pseudofracture of nb (see fig 3) 
(B) High-power magmfication of same In “B” note large amount of osteoid 
contrasts itself very clearly from the calcified matrix (cm) The authors are indebted to 
Dr Granville A Bennett for these histological sections 

tissue resembling fracture on the axillary border of the right scapula about two inches below 
the glenoid, whereas it is only about one inch below the glenoid on the left scapula (see 
fig 2C and fig 2D) extending laterally from both sacroiliac joints into the respective 
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ilea are short lines of the pseudofracturo type on June 10 , 1035 patient was examined for 
suspected fracture of tlio left hip and a line closely resemblmg a fracture line was seen in 
the middle of the neck the necks of the femurs Cater films) have become more slender 
and the heads have bent around this, in its completed stage as seen at the present date, 
resembles bdaterallj sbpped epiphyses ” 



Fig 6 Sy'fDnoiiE 1 \ ka^ Taken 0-18-37 Showing 

PaEUuOFOACTURfcA (Ajuiows) IV Botu Ulnae 
Tbo authors aro mdebted to Dr Robert S Stone for these x rays 


The following laboratory studies taken while she w us under the care of Dr Dudley W 
Bennett in 1036 arc of interest scrum calcium 10 7 mg /lOO cc scrum pliosphorua 2 6 
mg /lOO cc scrum protein 7 44 gm /lOO cc bloml creatinine 1 2 mg /lOO cc urinary cal 
cium excretion, wliilc on a low calcium intake 0 007 gm /2-I hours (very low ) scrum plios 
pbataso high on one determination and normol on the next 

Subsequent studies in October 1037 showed scrum calcium 10 2 and 10 0 mg /lOO cc 
scrum phosphorus 1 0 and 1^ mg /lOO cc , scrum phosphatase S 0 and 7 0 Bwlansky unitfl| 
and urinary calcium excretion 0 OIS gm /24 hours In October 1041 the following scrum 
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determinations nere made at the Samuel Merritt Hospital in Oakland, Cahforma sodium 
chloride 600 mg /lOO cc , content of CO; 59 3 volumes per cent 


s 






•Fic 6 MILK^rA^’sSlNnROME C.sEl X-BA.S OF Pelvis 

(A) AND 9-16-37 (H) ^ 

In “A” note normal texture of bones except for “pseudofractures” (arrows) ^ - 
furnished bj Dr Roberts Stone 

A b,op,y of one of the p.eudofracture, of the nbs “ f f 

Boat The pathological diagnosis made by Dr Granxille A 

(see above) 
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Xte chcndcal -normal serum oalmum 

phosplmtaae-woro ^ there was little to suggest disorder of 

Syndrome, a biopsy was chemistry was not that of renal 

fat-soluble yit^2 °t .^^TisTdltot the pnUent take large doses of vitamin D starting 

;:“'i“r.r= — £: r.., bi. ..d — a „ 

Luously, but the exact amounts are not available 

MILIQIAN’S SYNDROtlE VB OBDINART OSTEOMALACIA 
Wlmt IS BO peculiar to Milkmoa’s Syndrome that it should be wparated from 
1 (Tonoml? The answer to this question, m the authors opinion, 

1 nd Poliforma sent the x rays and case history on case 1 (vide supra) to one of 
' bp% A ) could not behe^. m spite of the fact that the serum che^tiy was 
tot ofMteomalacia, that the underlymg pathology could be that m the absence 
of generalized demmerahzaUon by x ray early in the di^ at a time when 
ieSSxes were already present (see fig OA) The pseudofractures, of 
are hkewise seen m coses with extensive general^ demmerahzation 
The authors behevo, therefore, that there is no sharp hne of demarcation between 
xrdbman’a Svndrome and classical osteomalacia, that the diffojeni^ arc quan- 
S^thcr than quahtaUve, but that the term Milkman’s Syndrome should 
L retamed as an x ray diagnosis to call attention to the fact that one cm hove an 
underlymg osteomalacia when the only x ray evidence is the nbbon-hko zones of 

decalcification 


THE FOUR DEQRBE8 OP OSTEOMALACIA 

It IS possible to separate cases of osteomalacia mto four degrees with respect 
to their severity 1) ohemical-osteomnlacia-with normal phosphatase, 2) chemi- 
cal-osteomalacia with-high phosphatase, 3) Milkman’s Syndrome, and 4) 
advanced oeteomalaoia. The first degree of osteomalacm takes m those cases 
where there has arisen a disproportion of the serum calcium m relation to the 
serum phosphorus such that calcium is not deposited m newly formed osteoid, 
but where this disorder has not yet led to sufficient weakness of the skeleton as a 
whole to brmg about an mcrcased production of osteoblasts and hence a high 
serum phosphatase level The second degree of osteomalacia takes m those 
cases where the condition has progressed to the pomt of stimulatmg osteoblastio 
activity but not to the extent of causmg pseudofracture or obvious demmcral- 
uation, and where chmcal or x ray evidence of bone disease is lackmg Tlio 
third degree takes m those cases with chemical osteomalacia and pscudofracturcs 
but ivithout obvious generalized demmerahzation The fourth degree is reserved 
for those cases wnth outrand-out bone disease 


DIORESSIOX ON ACTION OP PARATIITROlD UORMONB 
It IS almost iraposEiblo to discuss any aspect of calcium metabolism without 
mtroducmg the mode of action of the parathyroid hormone The adramiatration 
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of parathyroid hormone is followed by four cardinal metabolic changes* an in- 
crease of calcium m the serum, a decrease of phosphorus m the serum, an increase 
of calcium m the urme, and an mciease of phosphrous m the urme If one as- 
sumes that the four cardinal metabohc changes are interrelated phenomena, which 
almost certainly must be the case, the most plausible sequence of events which 
one would arnve at, even without experimentation, is that the mitral effect is an 
mcreased excretion of phosphorus m the urme, that this leads to a low serum 
phosphorus level, that this leads to mcreased p ullin g of calcium and phosphate 
ions mto the serum from the bones oi gut, that this results m an elevation of the 
serum calcium level, and finally that this leads to an mcrease m the amount of 
calcium m the uime (see fig 7) There is considerable experimental data to 
support the above sequence of events Albnght and Ellsworth (17) found that 
the administi ation of parathyroid extract was immediately (withm one horn) 

Parathyroid -f 

i 

Ur P -f 

i 

Ser P - 

i 

Bone Ilesorp -f 

i 

Ser Ca + 

i 

Ur Ca -t- 

Fia 7 Sequbnob of Adjbstmbnts to Pahathyboid Hormone 

followed by a phosphate diuresis and that this preceded the other sequelae 
Harnson and Harnson (18) showed that parathyroid hormone decreases the 
re-absorption m the kidney tubules of the phosphorus of the glomerular filtrate 
There is one more pomt about parathyroid physiology which must be brought 
out smce use of it will be made later on, — ^namely, the thesis that the stimulus 
for parathyroid function is a low serum calcium level All conditions which 
tend to decrease the serum calcium level are associated with h 3 rperplasia of 
parathyroid tissue, viz alow calcium diet (Marme (19), Luce (20)), pregnancy 
(ICehrer (21)), osteomalacia and rickets and lack of vitamm D (Erdheim (22), 
Ritter, (23), Pappenheimer and Mmor (24), Higgins and Sheard (25), and 
Albn^t, Butler, and Bloomberg (26)), kmdney disease with phosphate retention 
(Pappenheimer and Wilens (27)), and parenteral admmistiation of phosphates 
m rabbits (Drake, Albright, and Castleman (28)) That a high serum phos- 
phorus level IS not a stimulus to parath 3 rroid hyperplasia is shown by the fact that 
m osteomalacia and rickets, where the parathyroids are hyperplastic, the serum 
phosphorus is usually low 

The possibihty that the parathyroid hormone acts directly on bone m addition 
to its action on phosphate excretion by the kidney cannot be demed This is 
discussed m a paper by Ingalls, Donaldson, and Albright (29) 
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DIGRESSION ON VCTION Of VTTAMIN D 

A knowlctlge of the acUon of \Rtamm D la paramount to an understanding of 
tlie new data to be presented below As a result of previous studies m this 
cbmo some theones have been advanced (iVlbnght and Sulkomtcb (30)) In 
figures 8, 9, 10 and 11 certam of the data of these studies are agam presented, this 
tune m chmt form Before this and other material are examined it should bo 
noted that, m order to unravel the action of vitamm D, it is necessary to study its 
effects on parathyroidless mdividuala, otherwise, one runs mto the danger of 
considenng as pnmarv sequelae of the aoUon of vitamm D changes which aro 
secondary to an alteration m the activity of the parathyroid glands There are 
7 pomts from these previous studies which the authors would like to underlme 
Pmnl 1 the startmg-oS point of any discussion of the oebon of vitamm D is 
the repeatedly demonstrated fact that its administration decreases the fecal 
calcium and phosphorus excretions This was clearly shown by Bauer, Marble, 
and Claflm (32) m 1932 (see fig 12) and is also well demonstrated m fig 8 m 
metabolic periods 8 to 10, m fig 9 m motabohe penods 10 through 13, and m fig 
10 m metabohe periods 15 to 20 But this is not enough, one w ould like to know 
whether the changes m calcium metobohsm are due to changes m phosphorus 
metabolism or vice versa, whether the decreased fecal excretions aro due to m- 
oreosed absorptions from the gut or decreased refixcretions mto the gut, etc 
It IS necessary, therefore, to explore tlicso studies further 

Bond 2 an mcrense m calcium m the diet mcrcases the calcium m the feces 
and tins m turn mcrcases the phosphorus m the feces, on the other hand, an 
increase of phosphorus m the diet has very httle effcot on the fecal phosphorus 
excretion or on the fecal calcium excretion These facts wore w cU brought out 
m studies on a patient with i itamm D resistant rickets (see fig 8) IVlierl the 
calcium m the diet w as mcrcascd (sec metabohe penods 3 through 6) there w as a 
defimto mcrease m the fecal calcium and phosphorus excretions, on the other 
hand, when the phosphorus which hod previously been given mtravenously was 
ailministered by mouth m penod 10, there was no mcrease m the fecal phos- 
phorus excretion or m the very low fecal calcium excretion Illustrative of the 
same pomt arc the data of Gorgdl, Gilhgan, and Blumgart (33) recharted m fig 
13 (q V ) on a patient with osteomalacia Note especially that the fecal phos- 
phorus was not mcreased m penods 21 to 24 when the phosphorus mtako was 
increased fivefold It should be noted that these findmgs are merely confirma- 
torj of previous findmgs by Nicolaysen (34) on rats 

As a corollary to pomts 1 and 2 it follows tlmt vitamm D decreases the fecal 
phosphorus excrobon through its effect on the fecal calcium excrobon This 
corollary was hkew iso arnved at by Nicolaysen (34) m hia studios on rats. 

Point 3 the decreased focal calcium excrebon wnth vitamm D is the result of 
mcreased calcium absorpbon from the gut and not of decreased calcium excrebon 
mto die gut For the studies to demonstrate this (see fig. 9), a patient with 
idiopathic hypoparathyroidism with a low scrum calcium leicl was chosen so 
that calcium gi\en mbuienously would not immediately appear m the uruie 


3 DAY PEmcOS 

Fig 8 Metabolic Data on Patient (W M ^325488) with Vitamin D- 

ResistanT'Rickbts 

Metabolic data in this and later figures are arranged according to the following scheme 
There is a horizontal base line, intake is charted on a reverse scale dotenwards from this base 
line, the fecal and urinary excretions are then measured from the intake line upward toward the 
base line If the output (feces and urine) exceeds the intake the final level will be above the base 
line, if it does not, the final level will be below the base line Thus a positive balance will be 
indicated by a clear area below the base line, a negative balance by a sh^ed area above the base 
line The scales for the nitrogen*, phosphorus, and calcium data are so chosen that fluctuations 
in any one balance should be accompanied by equal fluctuations in the sum of the other two 
balances provided that the changes in nitrogen balance represent changes in body proioplcwm 
{N P equals IJ) 1), and changes in calcium balance represent changes in calcium deposited in 
bone {CA P equals 2 1), and the changes in phosphorus balance represent either changes in body 
protoplasm or in the amount of calcium in the skeleton 

The chart is self-explanatory The points discussed in the text are the rise m 
calcium and phosphorus excretions following an mcrease in calcium intake (see periods 3 
throu^ 5), the failure of the fecal phosphorus excretion to rise when phosphorus was 
admimstered intravenously (sea penods 6 through 9) or by mouth (see periods 10 and 11), 
the fall in fecal calcium and phosphorus excretions following administration of vitamm JJ 
(see periods 8 tluough 11), the failure of mtravenous phosphorus to elevate the serum 
phosphorus (see penods 6 and 7) , and the rise m serum phosphorus without an increased 
urinary phosphorus excretion following administration of Vitamm D (see penods 8 to 11) 
Recharted from Albnght and Sulkowitch (30) 

• In this particular study the mtrogen data are not included 
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Fia 9 Mbtabouc Data ok a Patibkt (P R )i<4630) with Idiopatoio 

HTFOPABATUmOU>iaU 

For coutnictioa of seo paramph In italics undor flg 8 

The 6guro U acU-oxplanatory Tho points einpbaahod in tho text aro tbo failure of 
calcium adminiftcred intravenously to Incroass the urinary or focal calcium exoroUona (see 
periods 4 and 5), tho marked nao in fecal calcium and phoBohoma oxorotlons when tho same 
amoxmt of calcium was administered bv mouth (seo ^riods 8 through 10) tho fall in fecal 
calcium and phosphorus oxcrotions followins adminfitration of vitamin D (see periods 10 
through 13), and iho failure of tbo serum calcium to rise when calcium was ^ven intravo* 
nously (seo periods 4 and 5) as opposed to the doAnito rise in serum calcium foUoiring vita 
minD (scoponods 10 through 13) although tbo calcium balance was 4 i« 

5 than in pwods 10 throng 13 Ucch^ted from Albright and ^ R 
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3 DAY PERIODS 


Fig 10 Metabolic Data on a Patient (D B #8668) with Idiopathio 

Htpopabathyboidisai 

For explanation of construction of chart aee paragraph in itahcs under fig 8 
The chart is self-explanatory Note that more than one-half the calcium intake was given 
intravenously Note the fact that the unnaiy excretions of calcium and phosphorus M 
the result of vitamin D administration (see periods 16 through 22) increased more than the 
fecal excretions decreased, thus leadmg to negative calcium and phosphorus balances, 
the fact that the sequelae following administration of dihydrotachysterol (A T 10) were 
quahtatively the same as those following vitanun D but quantitatively different in that the 
ratio of the phosphorus-excretion-effect to the calcium-absorption-effect was greater with 
dihydrotachysterol than with vitamm D, and the fact that the serum phosphorus m^el feu 
more with ddiydrotachysterol for any degree of elevation of serum calcium than it did with 
Titamin D Not commented upon but of interest was the failure of the serum calcium level 
to nse above normal following vitamin D therapy (period 20 to 22), although the serum 
phosphorus contmued to fall and the serum calcium excretion increased at an accelerated 
rate Recharted from Albright, Bloomberg, Drake, and Sulkowitch (31)^ 

In fig 9 it will be noted that when 540 mg of added calcium daily were admin- 
istered mtravenously durmg metabohc periods 4 and 5, there was no appreciable 
change m fecal calcium excretion Later on (period 8) when the same amount of 
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Fia 11 aiBTABouo Di.TA o?f pATrerfr (W C tfl-4727) wrra loiopAnno HTFOPAKAxirr 
BomiaM ExauBTU) pbou ALBaiaur, BLoouBKao Diluus, awd SmjcoxnTCH ( 31 ) to 

CONTBAAT TUB EpPECT OP DUITOBOTJLCQTBTBBOU WITH TUAT OF VlTAJUN D 
For explanation of oonatruotion of chart aco paragraph In itailcs onder fig 8 
Nolo, aa In fig 10. that tho ■enim phoapboriia level (or any given riw m aorum calolam 
level la lower with dihydrotaohysterol (A.T 10) than with vitamin D 
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42 I 43 I 44 I 45 


Fiq 12 Effect op Vitamin D on Niteogbn, Phosphobus and Calcium Metabolisms 
IN A Patient with Osteomalacia Sbcondabt to Stbato hbhba 
For construction of chart see paragraph in itahcs under fig 8 . r t l a 

Note low urinaiy calcium excretion throughout and inarkedl^ ^creased local P^°“" 




gram constructed from data of Bauer, Marble, and Claflm (32) with permission 
authors and the Journal of Glimcal Biveatigation 

418 



1C« 


Fio 13 MBTABOUcSrODUta ON Patient wiTuOsTEOiiALACiAOT Questionable Etioloot 
— Possibly Ioiofatuia Htpebcalcubia 
For oonstruoUoa of diagram sco paragraph in italics under fig 8 

The points cmpbasiied in tbo text are large amount of calcuun in the unno in spite of 
severe osteomalacia, decrease in fecal oaldum and phoephoms on administration of vitamin 
D (see periods 5 throue^ 14) lack of effect of phosphorus intake on foc^ phosphorus ex 
oretlon (compare periods 22-25 with penods 2tf-27), and parallelism iMtween fecal caldum 
excretion and fecal pho^horus excretion (compare periods 22-25 with periods 27-31} 
Hecharted from GargiU, GUlIgan, and Dlomgari (33) with permission from tho Archives of 
Internal Medicine 
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★ CATAMDOAt UWHAftY HTTItOClN 4tJtAa/Z4HR. 3 DAY PERIODS 

PHOSPHORUS S.t3 * 

CALdUU J7T * 

Fig 12 Effect of Vitaahn D on Nitboqbn, Phosphobos and Caxctom Metabolisms 
IN A Patient with Osteomai^acia Secondaby to Steatobbhba 
For constructioH of chart see paragraph in itahcs under fig 8 j r i Lno 

Note low urinary calcium excretion throughout and markedly decreased fcMl 
phorus and fecal calcium excretions upon administration of vitamm D m period 29 ^la- 
gram constructed from data of Bauer, Marble, and Claflm (32) with permission or t 
authors and the Journal of Glmical Ihvestigation 
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Flo 13 Mstabouo STUDina on Patiekt wirn Osteomalacta of QpsaTioKAPiJ] Etioloqt 
— PoaSIBLT XoiOFATOlA HTPBtUltLCUHLL 
For oooatraotloa of diagram aeo paragraph m italics under fig 8 

Tho points omphosucd In the text aro large amount of calcium in the urino in spite of 
severe osteomalada, decrease m focal calcium and phoephorua on administration of vitamin. 
D fsco periods 6 through 14) lack of eileot of pboaphorus Intake on fc^ phosphorus ex* 
cfeuon (comparo period 22-25 inth periods 26^27)» and paralioliam between fecal calcium 
axoroUon and fei^ pho^horus exoroUon (comparo period 2i^-25 with periods 27-31} 
Reoharted from Gargill, uiUlgan, and Blumgaxt (33) with permission from tho Archives of 
Internal Modldne 
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calcium was given by mouth, there was a marked mcrease m the fecal calcium 
excretion Now when vitamm D was administered m penod 10 the fecal calcium 
excretion showed a defimte decrease Thus, smce it 'had already been shown that 

the givmg of almost all of the calcium mtravenously did not result m any m- 
crease m the amount of calcium appearmg m the feces, this decrease of calcium ' 
m the feces with vita mm D could not have been due to decreased calcium re- 
excretion mto the gut, one cannot decrease something which is non existent 
These findmgs are m agreement with those of Hannon, Liu, Chu, Wang, Chen, 
and Chou (35), who found that calcium chlonde administered mtravenously was 
retamed m osteomalacia which suggested that the high fecal calcium excretion 
m that condition is the result of lack of calcium absorption and not of increased 
reexcretion 

Point 4 the mcreased calcium absorption from the gut partly explains — at 
least m patients with osteomalacia or rickets — the rise m serum calcium level 
and the mcrease m urmary calcium excretion which follow vitamm D therapy 
The importance of the mochfymg adverb, “partl}^', will appear below This 
rise m serum calcium level and urmary calcium excretion ivith vitamm D therapy 
IS well shov^ m fig 8, metabohc periods 8 to 11 

Point 6 the nsmg serum phosphorus level followmg the administration of 
vitamm D is to be attributed only shghtly, if at all, to the the mcreased phosphorus 
absorption from the gut, but mostly to decreased parathyroid activity resultmg 
from the rise m serum calcium level Thus, to refer agam to fig 8, if mcreased 
phosphorus absorption was the cause of the nsmg serum phosphorus level with 
vitamin D administration (see metabohc penods 8 through 11) the serum phospho- 
rus should have risen durmg penods 6 and 7 when a large amount of the phosphorus 
was given mtravenously Such was not the case m spite of the fact that the 
urmary phosphorus excretion durmg penods 6 and 7 did mcrease markedly On 
the other hand, when vitamm D was administered the serum phosphorus rose 
with no appreciable change m the urmary phosphorus excretion Thus m 
metabolic period 6 with a serum phosphorus level of 2 7 mg /lOO cc he excreted 
2465 mg of phosphorus m the urme, whereas m penod 13 with a serum value of 
4 0 mg /lOO cc he excreted 2376 mg m the urme This lack of mcrease m the 
urmary phsophorus excretion m the presence of a rising serum phosphorus level 
is most suggestive of a decrease m the activity of the parathyroid glands and m 
the authors’ opimon is so to be mterpreted This pomt of view gams weight 
from the fact that when one administers vitamm D to parathyroidless mdividuals 
the serum phosphorus level does not rise (vide infra) 

Point 6 whereas all the sequalae to the administration of vitamm T> so far 
mentioned are attnbutable, m the authors’ opmion, to the mcreased calcium 
absorption from the gut, there are other sequelae which make it necessary to 
hypothesize a second equally fundamental action of vit amin D, namely to cause 
an mcreased unnary phosphorus excretion In the first place, it was shown by 
GySrgy (36) that massive doses of vitamin D cause decalcification, it would be 
hard to explam decalcification if the only action of vitamm D were mcreased 
calcium absorption This second action of vit amm D is well brought out m 
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fig 10 which shows studies on a patient with idiopathic hypoparathyroidism 
It will be noted that durmg the administration of large doses of vitaimn D 
(metaboho penods 16 through 19) the fecal calcium excretion fell, the serum 
calcium level rose, the urinary calcium exxnetioa rose, all of which were to be 
expected, but! the unnary calcium excretion rose more than the fecal calcium 
excretion fell so that the patient went into a strongly negative calcium balance 1 
The explanation is to be seen m the phosphorus metabolic data. With vitamm 
D administration the urmary phosphorus excretion rose more than the fecal 
phosphorus excretion tell and the serum phosphorus level telL It would seem 
that vitamm D m large doses has an effect on phosphorus metabolism siTnilBr to 
the parathyroid hormone and that, as discussed elsewhere (AIbnght and Sulko- 
■witch (30)), this effect of vitamm D on phosphorus excretion m the urme is 
entirely separate from its notion on calcium absorption from the gut That the 
mcreased phosphorus excretion m the urme following vitamm D administration 
IS not a sequela of the mereased calcium absorption is shown m fig 9 where the 
mtravenouB administration of calcium {periods 4 and 6) was followed by a 
decreased rather than an mcreased urinary phosphorus excretion 
A second piece of evidence that the two actions of vitamm D are mdependent 
of each other hes m the studies of AIbnght, Bloomberg, Drake, and Suliowitch 
(31) from which they concluded that dihydrotachysterol, a substance very 
gjxmlnr to vi tamin D, has the same two actions but m a different ratio, one 
to the other, it was their conclusion that dDiydrotaohysterol has more 
phosphorus-excretian-effeot per umt of caleium-absorption-effect than vitamm 
D (see figures 10 and 11) It should be noted m figs 10 and 11 that the serum 
phosphorus level foUowmg administration of dihydrotachysterol (AT 10) was 
lower for any level of serum calaum than followmg the administration of vita- 

mirt D 


In patients with their parathyroi4s mtaot the second effect of vitamm D, to 
mcrease the unnary excretion of phosphorus, may be entnely masked by 'the 
first effect Thus, the sequence of events, — mcreased calcium absorption, namg 
serum calcium, decreased parathyroid activity, depressed unnary phosphorus 
excretion, nsmg serum phosphorus level—, results m the opposite effect on the 
phosphorus metabohsm, hence, whether the serum phosphorus goes down or up 
ivith vitamm D admmistraticn will depend on which effect of vitamm D pre- 
dominates Smeo one cannot decrease parathyroid activity m parathyroidless 
individuals, the urinary phosphorus oxcrebon must nse and the serum phosphorus 
level must faU with vitamm D odnumstrabon m such mdividuals (see figs 9 10 
and 11) . I 


Poxnt 7 the nsmg serum calaum level foUowmg the administration of vitamm 
D to a normal or hypoparathyroul individual is to be attributed to the urmarv- 
phos^or^crefaon-effect and not to the calcium absorpbon-effeot of vitamm 
D Fig 9 IS most mstrucbve as regards this pomt When 610 mg daily of 
cala^ were administered mtravenously to the patient with idiopathic hyno- 
P^fhyroidism (motaboho penods 4 and 6) there was a marked fall m the smim 
phosphorus Ic\ el and m the unnary phosphorus nxcrotion, but no nsc m the serum 
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calcium level, evidently calcium phosphate was formed and deposited somewhere 
possibly m the bones, possibly m the reticulo-endothehal cells Quite different 
were the sequelae to the administration of vitanun D (see penods 10 through 13) 
There, instead of a faU m the urmary phosphorus excretion there was a rise, the 
serum phosphorus level fell as it did foUowmg administration of calcium mtra- 
venously, but the serum calcium level rose m spite of the fact that the positive 
calcium balance resultmg from the decreased fecal calcium excretion was less 
than the positive balance resultmg from the mtravenously administered calcium 
It IS qmte clear from these observations that, to raise the serum calcium level m 
the hypopaiathyroid mdividual, and the same is probably true of the normal, it is 
necessary that space be made, as it were, by the removal of phosphate so that 
more calcium can be dissolved in the body flmds In the patient with osteo- 
malacia or rickets, on the other hand, where the body flmds are depleted as 
regards calcium and phosphate ions, the mcreased absorption of calcium lesultmg 
from vitamm D iviU lead to a rise m serum calcium level (vide supra) 


Vit D 


(1) Fee Ca — 


(3) Ser Ca -F 


(5) Parathy Act - (7) Ur P - (8) Ser P + 


(6) Ur Ca 4- 


(4) Fee P - (9) Ser P + 


(2) Ur P 4- (10) Ser P - (11) Ser Ca 4- 


Fiq 14 Diagram to IiiLtjstratb Mbtaboiao Sequblab op Vitamin D Action 


It follows from the above discussion that the phosphorus-excretion-effect of 
dihydrotachysterol or of vitamm D and not the calcium-absorption-effect is the 
significant property of these substances in the treatment of hypoparathyroidism, 
the converse is true m the treatment of osteomalacia Thus, dihydrotachy- 
sterol would seem to be the better agent in the treatment of hypo- 
parathyroidism and vitamm D the better agent m the treatment of osteomalacia 

In fig 14 the two actions of vitamm D and the various sequelae of each action 
are summarized m diagrammatic form It will be noted that whether the serum 
phosphorus rises (arrow 8) or falls (arrow 10) will depend on whether the first 
action of vitamm D (arrow 1) or the second action of vit ami n D (arrow 2) pre- 
dominates, and that m parathyroidless mdividuals arrows 5, 7, and 8 drop out 
A diagram for dihydrotachysterol would be the same except that arrows 2, 10, 
and 11 would be mcreased m size 

With respect to the serum calcium and phosphorus findmgs it is possible to 
divide cases of osteomalacia mto three types a) those m which compensatory 
over-activity of the parathyroids is lackmg, b) those where there is compensatory 
over-activity of the parathyroids sufficient to mamtam the serum calcium a a 
normal level, and c) those where there is compensatory overactmty of the para- 
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thyroids but where this la insuiEcient to maintain the Benim calcium at a normal 
level In the first type, the serum calcium would be low and the serum phos- 
phorus normal, m the second the serum calcium would be normal and the serum 
phosphorus low, and m the third the serum calcium and the serum phosphorus 
would both be low 

This dual action of vitainm D, which has been proposed, is not out of harmony 
with the finHinim of Hamson and Hamson (18) who studied factors influe n c in g 
re-absorption of phosphorus from the kidney tubules They showed that the 
parathyroid hormone decreases re-abaorption and that vitamm D, m rachitio 
t tpimalH only, mcreases re-absorption It seems hkely that the mcreased ro- 
absorption with vitamm D is due to a secondanly decreased parathyroid activ- 
ity, the experiment should be repented on pamthyroidectomized animals m 
which case the present authors would predict a decrease m phosphate re-absorp- 
tion m the tubules. 

It would appear from the above discussion that dihydrotachysterol holds an 
mtermedmte position between vitamm D and the parathyroid hormone (see 
table below) 


Vitomin D 
Dihydrotaohyatorol 
Parathyroid hormone 


Caldmm 

•6tatp4lo* 

++++ 
+ + 


Plwpkgnu ufinary 
cteftlit* 

+ + 
+++ 
■i'+-t-+ 


In fig 16 some data, re-charted from Aibnght, Sulkowitch, and Bloomberg (37) 
brmg mto contrast the metaboho effects of vitamm D, dihydrotachysterol, and 
the parathyroid honnone 


etiologies of OSTEOMALACIA MET IN THE UNITED STATES 

Clasaificaiton 

A) Vitaimu D lack, 

a) ‘Simple” vltamia D lack 

b) Reeiatance to yitanun D 

o) Steatorrhea 

B) Henal Acidoeie, 

a) Tubular mauiQcleaay without-glomenilar inaufficlenoy 

b) Fanconl Syndrome 

C) Idiopathic Hypercalcuna 

D) Hyperparathyroidiam with Ostcitui Fibrosa Generaheata during tranaitional elago 

foUowmg removal of parathyroid tumor 

OSTEOMALACIA RESULTINQ FBOM “SIMPLE” VITAMIN D LACK 

By the expression, “osteomalacia resultmg from simplo vitamm D lack”, the 
authors have m mmd a condition like the usual variety of infantfie nckets where 
the bone disease is responsive to small doses of vitamin D It is appreciated, of 
course, that m a case of osteomalacia which is curable by Bmnp amounts' of 
vitamm D there may be other contributing factors such as lack of exposure to 
sunhght, lack of calcium and phosphorus m the diet, etc Indeed, the patient 



426 


AIjBEIGHT, BURNETT, PAKSON, EETPENSTBIN AND BOOS 


not appreciably lowered by 150,000 units of vitamin D for mne days and by 300 - 
000 units of vitamm D for an additional three days A third metabohc study 


YV£L-(PE1PING ^‘Ql28572) 
5 AGE 43 



4-OAy PERIODS 


Fiq 16 Metabolic Studt on Patient with Osteomalacia as It Ocches in China 
For coQstruction of chart see paragraph in itaUcs under fig 8 

Figure IS self-explanatory Note especially extremely low urinary calcium excretion 
until period 19, marked fall in urinary pnosphorus excretion with rising serum phosphorus 
during periods 11 through 18, rise in urinary calcium excretion when urinary phosphorus 
excretion becomes neghgible which indicates that calcium cannot be retained without 
phorus (see periods 19 t&ough 22), and the strongly positive calcium and phosphorus bal- 
ances even before admimstration of the vitamin D preparation, Vigantol These pre- 
medication positive balances are probably to be attributed not only to the high calcium 
intake but to the vitamin D content of the experimental diet Recharted from Liu et al 
(39) with permission of Dr R R Hannon and the Chmese Medical Journal 

on this same patient is shown m fig 8 where it will be seen that 600,000 units of 
vitamm D daily caused a defimte decrease m fecal calcium m six days For 
contrast, note the rapid decrease m fecal calcium excretion m a study on a patient 
with osteomalacia associated with steatorrhea durmg the first three days of a 


n^oett 

Fio 17 Hetabouo Studt o'f Patzbnt with Ost£ouai«acia Ilfiam-Twa raoii loiorATiuo 

UYFimCAtCUlUA 

^or coutnioUoti of oluirt Btc paragraph In italics under fig 8 

Subject of tbit oxponment carried out in 1(M5 at tho 2^IassaohusotU General Hospital 
was the tamo patient studied by Oorgill et ol (33) in 1030 The figure is self explanatory 
Note especially the strongly potUlvo calcium bianco during the pro medication periods 
(1 through 0) which eug^ts that tho hospital diotoontainodmoro calcium or more Wtiimia 
D Of more of both thauthe diet which tho patient received at homo note the relatively bicb 
and rather constant urinary calcium oxcrotlon in this patient with marked osteomidacia, 
note as in fig 10 tho ruing aerum phos^orus level with the falling unnary phosphorus ox* 
cretlon on adminlitratlon ol vitamin i> which combination of findings suggest decreased 
paratb^id activity , and note tho falUng serum pbospbatoso level after a continued post 
tivo calcium balance AlUnllon U called to tho lack of effect of sodium lactate admlnU* 
tration (penod 10 through 23) on tho calcium btdance which Is strong evldonco that the 
hypcrcalcuna is not duo to some form of acidosis This study will bo more pcrtincnllr 
discussed In a later paper 


**n 
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relatively smaU dose of vitamin D (see fig 12, period 29) In the secondstudy 
in fig 15 on the patient with vita m i n D resistant nckets it should be noted m 
passmg that the fecal calcium excretion decreased markedly in the first three days' 
of treatment with 12 5 mg daily of dihydrotachysterol (10 cc of AT 10) , this, of 
course, was a massive dose so one cannot conclude that tWs patient is nonresistant 
to dihydrotachysterol 

It was the behef of Albnght et al (26) that wherever vitamm D has its primary 
action, m that place in this patient there existed a resistance to the action of 
vitamm D, it was not their conception that this patient suffered from some 
endogenous error m calcium or phosphorus metabohan, such as idiopathic hyper- 
calcuna (vide infra), which would necessitate mcreased calcium absorption and 
hence more vitamm D to prevent a negative calcium balance 

This patient has been carefully followed to see what would happen to the 
disordered calcium and phosphorus metabohsm when the patient ceased growmg 
In fig 18 are charted the serum calcium, phosphorus, and phosphatase values m 
relation to his age, height, and vitamm D therapy This chart is a contmuation 
of that shown m fig 8 m the paper by Albnght et al (26) It will be seen that 
growth ceased about January 1939 at the age of 18-j^ years and that vitamm D 
was omitted m February 1940 It will be further noted that, although the pa- 
tient has remamed symptom free and able to work at a war job, the serum 
phosphorus level has continued low and the serum alkaline phosphatase level 
high durmg the five years smce the omittmg of vitamm D His epiphyses 
being now muted, his diagnosis becomes “chemical-osteomalacia-with-high- 
phosphatase ” 

There is one feature of this much-studied patient with so-called vitamm D 
resistant nckets which might make one somewhat question such a sunple ax- 
planation He has had a tendency at times to put out more calcium m the urme 
t.Tian one would expect m an mdividual with nckets due to vitamm D lack, thus, 
when first studied at the age of twelve at the Children’s Hospital at a time when 
his nckets wsis active, he put out, before receivmg vitamm D therapy, 40 mg of 
calcium daily m the urme on an mtake of 760 mg This excretion is not high for 
a normal child but is high for a patient with active nckets due to vitamm D lack 
The later metabohc studies are mostly comphcated by the fact that he had 
received vitamm D at rather short mtervals before the onset of the observations, 
the low urinary calcium excretions m the first experiment m fig 16 are probably 
to be attnbuted to a recent parathyroid exploration However, a 24-hour urme 
collected m 1945 after four years off vitamm D contamed only 81 mg of calcium 
and the authors conclude that the disorder is best explamed by an abnormal 
resistance to the action of vitamm D 

HYPOWTAanNOSIS n SECONnABY TO STEATOR RHEA 

Perhaps the commonest form of hjqiovitammosis D m adults is where the 
primary difficulty is a steatorrhea Vitamm D, bemg fat-soluble, is not ab- 
sorbed, the same holds for other fat-soluble vitamins Therefore, such patients 
differ from the others m that they have, m addition to hypovitammosis D, 
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deficiencies m the other fat-soluble vitanuns, notably K, A, and perhaps B 
(Albnght and Stenart (40)) 

The ti\o chief causes of steatorrhea in this country are 1) an idiopathic 
steatorrhea nhich masquerades under the diagnosis of non-tropical sprue or in 
children, coehac disease or Gee’s disease, and 2) chrome pancreatitis The latter 
differs from the former m several respects the duodenal contents are markedly 
deficient in pancreatic ferments, a larger percentage of the tat m the stools is in 
the form of neutral fate as opposed to fatty acids and soaps, meat fibers are often 



Fia IS Efpxct of Maturation of Skeleton (Cessation of Growth) ov Seruu 
Calcium PaosrHoaua and Phosphatase Lb\ els in a Patient wTTn Vitahin 
D Resistant Rickets 
For further discussion sec text 

present m the stools and the fecal mtrogen excretions are mcrcased, the glucose 
tolerance is normal rather than increased, normal gastnc aciditj rather than 
hypoacidity is the rule A third cause of steatorrhea is insufficiency of the small 
mtestme resulting from any one of a number of causes, often some short-cireuiting 
operation, m the case reported by jUbnght and Stewart (40) the small mtcstinal 
msufficiencv was the result of terminal deitis plus several operatiie procedures 
The diagnosis of osteomalacia secondary to steatorrhea often remains unrecog- 
mzed for a long period of tune, especially m those cases w here diarrhea is not a 
prominent feature Thus case 2 underw ent a gallbladder exploration because it 
was not recognized that the pain in her right upper quadrant was due to a fruc 
turwl nb, she then masqueraded under the diagnosis of '\Iane-Strumpel arthntis 
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because some thoiatrast, mtioduced into the sub-aiachnoid space m an attempt 
to find a luptured cbsc as the cause of hei symptoms, deposited itself on the dura 
(see fig 19) and ivas mistaken foi calcified hgaments, finally, \-iays taken to 
evaluate the degiee of arthiitis showed the chaiacteiistic findmgs of Milkman’s 
Sjmdi ome and the coi rect diagnosis was ai i ived at As so often is the case, once 
suspected the diagnosis offeiB no difficulties The seium caiotmoid and vitamin 
A contents should be decreased and the piothiombm time mci eased A fecal fat 



Fig 19 Case 2, X-rats to Show Impregnation of Dura with Thorathist (See 

Arrows) 

(A) Lateral view of thoracic vertebrae, (B) anterior posterior view of cervical and 
upper thoracic vertebrae Note in “B” impregnation of dural sheafs of spinal nerves as 
they leave spinal column 

value ovei ten per cent of the mtake oi ovex twenty-five per cent of the dried 
fecal weight is stiongly suggestive of steatoiihea The characteristic blood 
chemistry findmgs of osteomalacia (vide supia) should be present A number of 
the cases (e g case leported by Bauer, Maible, and Claflm (32)) have had, m- 
stead of a low serum phosphoiiis and a lelatively normal seinm calcium level, a 
normal seimn phosphonis level and a low serum calcium level mth tetany 
Presumably m such cases theie has been no compensatory hj^ieiplasia of the 
parath^uoids (vide supia) 
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The treatment conasta in correction of the steatorrhea if pcKsible as by ^ 
administration of crude hver extract m the case of non-topi^ spme If this 
IB not posable, a low fat diet should be prescribed and the fat-soluble vitan^ 
should bo given m large amounts between meals so that &ey esca^ b^ ^ 
solved m what httle fat is present The most important thmg is not to foi^t to 
give aU the fat-soluble vitamins rather than just the one, the lack of wMch is 
cauang the most impresave symptoms Thus, m case 2, it was not until large 
amounts of vitamm E m the form of alpha tacopherol were given that the pa- 
tient’s strength returned 

Case t Diagnosea ateatonhea (non tropical apnio), hypovit^noaia D, K, A. and 

E o.tcomalacia(AIillmian-a.yndronie).thoratraathnpregnaUonof dura 

C E M iaaSSM, a houBcwifa of thirty, first entered the Maaaachuaetta Genei^ 
lira K M ^ Rogora on March 6, 1943 because of generalUcd 

^“p:!n‘ ^p^^taid U years previously, shortly af^ her first^d 

^y ^^Ly, when she^Uced pam m her feet while walking on r.«k» whUe 
only pre^ fatiitabiUty and lor about two years girdle pains in her mld- 

taSnk region Although she tended to bo constipaUd, she did admit of epi^es o^rrh^ 
^ch tune her otooS\vere very bulky She lost from her best weight of over 100 pounds 

M “e^pain in the nght hypochondnum she underwent a gallbladder operation 

“ sppeaitectomy 10 year, previously and a 

On * 

onTe“w« «ceedingly weak, rfie was i^ble to ^ he^ead ofi 
Hern^ were very tender her abdomen was distended and show ed very Uttlo 

the piUow &r n ^^yjjrown pigmentaUon of her face such as is seen m preg- 

^rr^s^^eTtion Lowed toe creases of her hands and toe gaUbladder scar 

but not too appendix scar haemodobm 14 0 gm /lOO co , white count 4300, 

Laboratory studies unn ’ j syphihs negative, phcnolsulphonphthalein 

sedim^tation rato “3“' ; ® LL^J:L^^te amLnts of fat mosUy in the form 

d protein, 8.7 mg of 

of fatty acids T Bodansky umU of alkaline phosphatase, 18 0 mg of 

eelcium 1 0 “f f per 100 cc and 103 0 m eq of chloride, 

non . (24 L eq m a repeat dotenninaUon), and 144 0 m eq of sodium 

19 m eq excretion and the rate of growth of axillary hair wore within 

^ ^ L evidence of vitamin K deficiency she bad a prolonged prothrombin Umo, 

normal h^ts As 22 seconds, as evidence of vitamin A deficiency, 

33 seconds as compwed with toe no^ oi ^ „ 4 ujjts per cc (normal equals 

she had a decrei^ ^oLrotinoids Her gastric acidity was normal, the creatinmo ex 
13 units per cc ). and no wLTtoe creatine cxcreUon was high (663 mg /24 

oreUon w as very low ( E PencreaUo fermonU wore found to bo normal 

wTc di^rL -ntents by Dr Martin M Nothmann of the Pratt DlagnosUc Hospital 

to whom the authors are jura of too cord and brain with thoratrast 

X rays toowed ,g,ju4,on ,fas thought to bo present, and the Inmmn dura 

^ The left second and third metatarsal bones showed umtod 

about too toeth was fnreturcs of the nb. one in the ascending 
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one in the left scapula (see fig 2E) The x-rays also demonstrated marked hypo-penstalsis 

of the small bowel with puddling 

The diagnoses made were non-tropical sprue, hypovitaminosis with respect to all the 
fat-soluble vitamins, and osteomalacia with IVIilkman’s Syndrome Accordingly, she was 
treated with large amoimts of the four fat-soluble vitamins, a low fat diet,desoxycholic acid, 
and hver extract (at first a pui:e preparation but later, on advice from Dr Edward Kepler 
of the Mayo Chmc, a crude preparation) On this therapy her united but uncalcified 
fractures promptly calcified, her vitamm A level and prothrombin time returned to normal, 
but she continued to be very weak^ Testosterone propionate was admimstered, 26 mg 
three tunes a week, with some improvement in strength and reduction of creatme excretion 
to zero After 7 weeks of therapy and 4 wmeks of testosterone injections, her vitamm E 
dosage was changed from 2 cc of wheat germ oil daily by mouth to 25 mg of alpha toc- 
opherol three tunes daily This change was attended by a most dramatic mcrease in body 
strength She contmued to be distended, however For this she was given acetyl-beta- 
methyl -choline-chlonde (Alecholyl) , 10 mg intramuscularly three times a day with marked 
rehef On discharge from the hospital two and one-half months after onset of therapy, 
her serum calcium was 9 9 mg /lOO co , her serum phosphorus had returned to normal, 3 3 
mg /lOO cc , and her serum phosphatase was still above normal, 14 0 Bodansky units 

The patient was last seen in July 1944 She had done qmte well on the whole How- 
( ever, x-rays still showed poor penstalsis and the carotinoid content of the blood remained 
neghgible, indications that the underlying pathology was still present A later gastric 
analysis bad shown no free hydrocblonc acid even after histamine She had now no skeletal 
symptoms but continued to show a chemical osteomalacia, her last blood values bemg 
serum calcium 9 2 mg /lOO cc , serum phosphorus 3 6 mg /lOO cc , and serum alkalme 
phosphatase 10 4 Bodansky luuts 

Case S Diagnoses steatorrhea (non-tropical sprue) , hypovitaminosis D , osteomalacia 
(Milkman's syndrome) 

Sister F , a fifty-year old nun, i^41575i, was referred in August 1943 by Dr Joseph 
Ferrucci of Frarmnghatn, Massachusetts because of generahzed skeletal pams, generalized 
demineralization by x-ray, and a pseudofracture of the shaft of one femur (see fig 20A) 
She volunteered that the skeletal symptoms tended to come on every sprmg and improved 
during the summer Smce June 16, 1943 she had been takmg 10,000 umts of vitamin A, 
1,000 umts of vitanun D, and 4 grams of calcium gluconate daily, and felt markedly im- 
proved 

In her past history it is of interest that she was treated for anemia and leucopenia in 
July 1934 A gastric analysis at that time showed some free hydrochloric acid Her 
anemia responded to hver extract and iron In 1938 she developed generahzed anasarca, 
thought at that tune to be of cardiac origin, but there was no orthopnea, there is no record 
of a serum protein determination having been done She was still anemic at that time, ana 
she gradually improved under digitahs and iron therapy Her catamema had ceased two 
years previously 

Laboratory studies stools showed meat fibers and increased amounts of fat, a gastric 
analysis revealed no free hydrochloric acid even after histamme mjection, routine unne 
analysia negative, unne concentrated to 1 020 after 1 cc of pituitrm subcutaneously , red 
count 3 7 milhon, haemoglobm 10 6'gm /lOO cc , white count 3,400, phenolsulphonphthalein 
excretion excellent, serum calcium 9 7 and 10 6 mg /lOO cc , serum phosphorus 3 4 and 3 2 
mg /lOO cc , serum alkalme phosphatase 6.2 and 9 4 B U , unnary calcium excretion very 
low, 17 mg /24 hours, serum protem 6 8 gm /lOO cc , serum COj combimng power 24 m eq / 
hter, serum chloride 102 m eq /hter, prothrombin time normal, blood vitamin A and caro- 
tenoid contents normal (at a later date) Dr Martm M Nothmann of the Pratt Di^- 
nostic Hospital found the pancreatic ferments to be normal in the duodenal contents Ha 
also found normal blood hpase and diastase levels. 
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The \ rays still showed some gencrahied decalcification but the lamina dura around the 
remaimng teeth was intact, the pseudofraoturo m the left femur had entirely healed (see 

fiS 20B) , , ^ , 

Wth the gencrahied dominorahiation the paeudofraclure b> x my, and the high semm 
phosphatase level it was clear that tbm patient was suffenng from osteomalacia The 
absence of alow Bcnimphosphorualevelwaaaacnbcd tothat fact that she was convalescent, 
presumably duo to the vitanun D and sunlight with healing osteomalacia, the serum cal- 
cium and phosphorus values return to normal before the scrum phosphatase level (cf case 

2) It w-os felt that the cause of the osteomalacia was undoubtedly steatorrhea In tins 



Fio 20 Case 3, MiLKirvN s Syndrome CoiirucvTLNo JsoN TROPICAL SrauB 
\ rays of femur (\) before vitamin D therapy (D) after one month of vitannn D (1 000 
units daily) plus tlio Ix^ncfit derived from the ultraviolet light of the springtime 


case in contrast to case 2 thorp were no deficiencies of the fut-eolublo vitamins other than 
vitamin D lake case 2 this patient liad freo hjdrochlonc acid m her gastric contents early 
m her illness and onl^ later showed aclurhydrla Anemia was a more prominent feature 
than in case 2 

She was treated with crude liver extract parcnterall> , largo amounts of vitamin D (circa 
60 000 umts daily) a high calcium intake and iron 

Slio did verj well on the wliolo bbc was last seen on Februarj 7 1045 at which time the 
haemoglobin was 12^ gm /lOO cc the scrum calcium 0 S mg /lOO cc thp acnim phosphorus 
3 0 mg /lOO cc and the serum phosphatase 5J B U 

UbWL ACIDOSIS RESULTING FROM TUUUUVU INbUFFICIlACT WITHOUT- 
OLOMbHULuVU INSUFFICIENCY 

Tina section, m the authors’ opinion, consitutes the most important part of this 
paper Indeed, the chief purpose of the remainder of the paper is to make tins 
section more undcrstandublc Some conclusions \nll first be presented and then 
the eyidcnce gi\en 

Two unportunt functions of the kidney tubules, to make ummomu and to 
cyerclc an iicid unne, ha\c to do with the conscryiition of huse Therefore m 
the prc-ence of diimuged kiihicj tubules one might expect n scarcity of base with 
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whicli to exciete acid In this eventuabty calcium, bemg a base, iviU be m 
demand and will appear in mci eased amounts m the uime The serum calcium 
level will tend to fall The sequence of events fi om here on will be the same as m 
vitamm D deficiency the tendency to a low seram calcium level ivill lead to 
paiathyioid hyperplasia, this ivill coimteiact the tendency to a low serum cal- 
cium level and wiU lead to hypophosphatemia, m the piesence of a normal oi 
shghtly low seium calcium level and a low serum phosphoius level, calcium will 
not be deposited in osteoid and osteomalacia will result, the uncalcified new bone 
tissue "Will be less lesistant to sti esses and stiains, this ivill lead to mci eased stimu- 
lation of the osteoblasts and to a high serum phosphatase level It mil be seen 
later that if theie is a glomeiulai msufficiency along mth the tubular insufficiency 
the above sequence of events is mteinipted at one stage 
The disruption of homeostasis noth lenal acidosis lesultmg from tubulai m- 
sufficiency is not confined to the above sequence Potassium, bemg a base, also 
tends to be excieted m excess m the unne The hypei kahuna may lead to hypo- 

kahemia and to the low potassium sjmdrome s imil ar to that seen m family per- 
iodic paialysis This aspect of renal acidosis had aheady been discussed m a 
paper from this hospital by Biovm, Cunens, and Maichand (41) Case 8 (see 
case abstiact), who was fiiBt repoited m this previous commumcation, had epi- 
sodes characterized by pam m the extienuties and mabfiity to move aims and 
legs, these episodes weie accompamed by a low seium potassium level and the 
chaiactenstic changes m electiocardiogiam (notably a loweimg of the T waves) 
which one finds mth hypokahemia Case 9 (see case abstract) almost certainly 
developed the low potassium syndrome as a comph cation of a seveie acidosis 
just befoie she died, unf ultimately, no chemical or electiocardiographic evidence 
of hypokahenua was sought The histor}'' of three days of paialysis in the arras 
and legs eight years pnor to admission m case 6 (see case abstract) could veiy 
well have been due to this comphcation Finally case 4, in an expenmental 
study wherem she received foi five days 130 m eq of ammomum chloiide daily, 
developed the prodiomal symptoms of low seium potassium n^hile the seium 
potassium feU and the potassium excietion m the uime mounted (see fig 32) 
Another possible ramification of the disoideied electrolyte metabolism m tubu- 
lar acidosis has to do inth calcium absoxption from the gasti o-intestinal tiact 
Browne and Dmebeig (42) have shoiim that gastnc acidity is decreased m acid- 
osis This would tend to deciease the calcium absorption fiom the gastro-mtes- 
tinal tract and would be another factor favoimg the production of osteomalacia 
The present authoi-s, contrary to the previously expressed opimon of Albnght, 
Consolazio, Coombs, Sulkoivitch, and Talbott (43), now beheve that the ne- 
phrocalcmosis and the nephiohthiasis ivhich frequentlj’- accompany this form of 
renal acidosis aie comphcations of the disturbed homeostasis lathei than causes 
One stiong piece of evidence m favor of this pomt of view hes m the fact that one 
meets essentially the same distmbance of homeostasis m cases -without nephro- 
calcinosis oi nephrohthiasis as m cases mth these complications Thus, the 
present analysis is based on eight cases two of these (case 4 and case 5) had 
neither nephrohthiasis noi nephiocalcmosis, two cases (case 8 and case 9) had 



OSTEOMALACIA AXD LATE RICKETS 


435 


V 



tio 21 \ 1 UVV 8 ON Foun Cvses with Renal Vciuosib \ni> Nepiikocalcinosis to Suow 

SUJIL.VRITT 

(\) CoaoofUutlcr \\>I»on and Farbcr (44), (R) of Mbnghtctal (43), (C) cu«o 0 
(D) case 7 
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nephrolithiasis mthout nephrocalcinosis, four cases (case reported by Butler 
Wilson, and Faiber (44), case repoited by Albnght et al (43), case 6, and case 7) 
had both nephiohthiasis and nephrocalcinosis (see fig 21) A second argument 
in favoi of the nephrohthiasis and nephiocalcmosis bemg secondaiy phenomena 
lies m the fact that these cases, when treated ivith alkah, do not fonn more 



Fig 22 Case 6 Renal Acidosis and Nephrocalcinosis 
(A) X-ray on 7-16-41, (B) \-ray on 10-13-44 Note marked diminution in number of 

stones 


stones, mdeed, since they contmue to pass some of the stones, the number left m 
the kidneys often decreases Smce alkali theiapy loweis the calcium excietion 
m the uiine, this suggests that the hjyieicalcuna is the cause of the stones 
The case repoited by Albnght et al (43), case 6, and case 7 all shoii ed with alkah 
therapy a decrease m the numbei of stones (see fig 22) To be sine, case 7 
sho'vied an mciease m the size of some of the stones aftei alkali theiapj'’ had been 
started (see fig 27) The reason for this was that infection had been introduced 
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during an ill advised attempt at retrograde dissolution Cases 3 and 4 without 
kidney calcification did differ m one respect — the abdity to concentrate the 
unne — ^from the group aa a n hole Thus, the specific gravity of the urme reached 
1 028 m case 3 and 1 018 m case 4, case 8 ivith nephrohthiasis but not nephro 
calcinosis likewise had a unne specific gravity of 1 018, but the granties of none 
of the other cases exceeded 1 012 This ability to concentrate the urme, despite 
marked tubular insufficiencj , m cases 3 and 4 la a very mterestmg fact and maj be 
an important clue It suggests that the onginal tubular pathology does not 
m\ olve the loops of Henle where most of the w ater is reabsorbed This lack of 
h 3 ’posthenuna, by aUowmg urmary concentration, would favor precipitation of 
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calcium m the tubules and the authors beliote that the hiTiostheiiuna present 
m those cases with nephrocalcinosis is at least one feature w Inch is the result of 
the nephrocalcinosis 

In fig 23 are depicted m diagrammatic form the relationships, one to the other, 
of the metabolic abnormalities m the simlrome under ditciission 

It should be pointed out at this pomt that the condition under discussion and 
Bo-calle<l “renal nckets” are two entirely different entities The latter con 
dition as pointed out bj Albnght, Drake and Sulkoiiitch (46) is not ncktts at 
all but osteitis fibrova geiicmli8.ita As regards the bone patliologj m renal 
nckets, the emphasis is on mereased bono dcstniction os opposed to lack of 
'■alcification ot neivh formed osteoid To bo sure, Follis and Jackson (40) lia\o 
•diown that c\eii in renal nckets there is some delai m tlie eakificntion of neuh 
formed osteoid, the present authors agree mtli tins pomt of \nea Vs a matter 
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of fact, the pubhshed photomiciographs of the case lepoited by Albiight etal 
(45) show the osteoid seams to be shghtly mdei than noimal A fundamental 
difference m these two osteo-nephi opathies lies m the kidney pathology itself 
m the condition undei discussion, one finds tubulai dysfunction mth i datively 
httle glomerular insufficiency, in lenal osteitis fibiosa generahsata (moie com- 
monly but less coriectly teimed “lenal nckets”) theie is glomerular insufficiency 
as well as tubulai insufficiency The tubulai msufficiencj’- m lenal nckets makes 
the fii-st step m the derangement of homeostasis the same as m the condition 
under discussion, — namely there is a deci eased abfiity to make ammoma and to 
exciete an acid uime, this leads to a demand foi calcium foi excietion m the urme 
as a base, this to a tendency to a low seium calcium level, this m turn to para- 
thjuoid hypeiplasia, but heie the sequence is mteinipted! Because of the 


“Renal rickets” 
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Fig 24 Sequence of Events in Disobdbeed Homeostasis with “Renau Rickets” 

Compare with fig 23 

glomemlai disease, the mci eased paiathyioid hormone does not pioduce a phos- 
phoms diuresis and lower the elevated serum phosphoiiis level leslting from 
phosphorus retention, with a high serum phosphorus level there cannot be much 
delay m the deposition of calcium into the neivly formed osteoid Furthermore, 
m lenal nckets there is usually maiked letention of urea, cieatinme, unc acid, 
sulphate, and potassium, and consideiable impaument of phenolsulphonphthalem 
excietion The acidosis m lenal nckets, m shoit, is due not only to a shortage 
of base but to a retention of acid radicals, therefore it is not immediately coiTected 
by the givmg of base In fig 24 aie depicted m diagiammatic foim the relation- 
ships, one to the other, of the metabohc abnormahties of renal osteitis fibiosa 
generahsata This figure is to be contrasted vuth fig 23 

The etiology of the original kidney pathology'' m renal acidosis lesultmg from 
tubular-msufficiency-mthout-glomerular-insufficienc}'' lemams obscure One 
first Hnnks of an ascending infection of the tubules from a pyelonephritis The 
actual evidence foi this in the eight well-advanced cases lef erred to m this paper 
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ho^s ever, 18 sbght Only in case 6 and possiblj m case 8 w ere ummry infections 
demonatrated The case reported by Albnght et al (43), case 4, case 5, case 7, 
and case 9 all had negative unnary cultures There were no unnary cultures 
reported in the case of Butler et al (44) The autopsj findmgs m the kidneys in 
case 9 (see case history) are interesting but not too clear-cut The fact that 
most of the glomeruh acre urunvolved fits the chmcal picture It is also con- 
sistent that the moat important changes were m the convoluted tubules On 
the other hand, there w as evidence of a low grade or a healed pj elonephntis 
Thus, the nature of the primary pathological lesions remains obscure, — whether 
metaliohc or enzjTnabc, whether mfectious, whether degenerative ‘ 

The authors beheve that renal acidosis of the sort under discussion leading to 
nephrocalcmosis and nephrohthiasis and at times to osteomalacia is relatively 
rare Whereas they have limited the present discussion to eight well-defined 
cases, they beheve that they hav e afen less complete cases m their Stone Chnic ' 
It IS probably idiopathic hypercalcuna to be discussed below and not the tvpe of 
renal acidosis now bemg discussed which largely accounts for the findmgs of 
Flocks (47), tins mvesfagntor noted that a large number of patients with renal 
calculi have hypercalcuna coupled with disproportionate increase in unnary 
calcium excretion when ntanun D or an acid ash diet are giv eu 
The response to treatment m these cases is most spectacular (see fig 25, 2C, 
and 27) and, smcc the treatment is based on the theoretical considerations just 
discussed, the validity of the theones is strengthened thereby Inasmuch as 
the imtml disturbance is a shortage of base, the first item of treatment is the 
administmtion of base This is best given m the foim of a salt of a rmneral base 
with an oigamo acid, e g sodium citrate, sodium lactate, or calcium gluconate or, 
if hy pokaliSmia is a factor, a combination of sodium citrate and potassium ci 
trate The orgamc acid is burned after absorption, leavnng the base free to help 
in the excretion of acid m the urme An orgamc acid such as citnc acid 
w hich wall be largely bumcvl after absorption can be giv eu in addition to mcrcase 

• Since the first paper was WTitten there has appeared a very intorcatiDg case history by 
G II Dames, J A Barclay and W T Cooke (Xopbroealcinosis Vssocinled with Hvper 
chlomcniia and Lo« Plasma Diearbonato Quart J \Icd New Scries 14 113 1915) The 
patient a 20 year-old w Oman bad bilateral renal stones elevated scrum clilondo level 
decreased plasma biearboaato level and a relatively fixed unnary specific gravnty and pll 
she responded to sodium citrate-eitnc acid therapy sho died after a severe reaction to 
sulfathiaiolo Preliminary liislopathologiral examination of the kidnevs shoiicd calcifica 
tion in the pyramids and renal pelvos, hut negligible amounts within the tubules and kidney 
tissues The tubules tlicmsclvcs showed extensive vacuolatioii and an alteration in tlio 
typo of cpithellura Occasional glomeruli ucro atrophied There was no evidence of 
primary chronic vascuiar disease or gloincrulanephnlis Tlio autiiors felt that the findings 
w ere coiisiateul with a non inflammatory tubular defect These authors also called atten 
tiou to the autopsy findings in a case reported liy J D Boyd and G btcarua ( \m J Dis 
Child 61 1012 IBII) wluch showed only slight calcium deposits m the pyramiils while the 
tubules wrro essentially nornml though the convoluted tubules were considerably dilated 

' The Stano Clinic w as founded m 1936 as a joint enterprise of the Xfcdu-al and Urological 
Sorvice-s of the Xfoasachusetts General Hospital to study the cause-s and prev cniioii of renal 
calculi 
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the gastiomtestmal acidity and hence favoi calcium absoiption The presciip- 
tion advocated by Di Alfred T Shohl and used by Albiight et al (43) consisted 
of 140 grains of citnc acid and 98 giams of sodium citiate dissolved m one htei 
of water, the patient takes 50 to 100 cc of this nuxtuie daily dependmg on the 
amount needed to overcome the acidosis Wheieas such alkali therapy by itself 
will qmckly lestoie the serum chlonde level and CO 2 content to normal, it iviU 
not cuie the osteomalacia, — at least not in a shoit peiiod of time Smce the 
cause of the osteomalacia in the fust place is a shortage of base, the above state- 



Fig 25 X-KAYS OF Wbist on Case 5 with Rickets Resulting from Renal Acidosis 
(A) BEFORE (1-10-39) I-ND (B) AFTER (2-21-39) HeaLING OF RiCKETS IVITH IVIaSSIVE 

Doses of Vitamin D 


ment at first seems contradictoiy The explanation is piobably one of simple 
arithmetic The normal adult absorbs relatively little calcium (m round num- 
bers let us say 100 mg daily) and, if in calcium equihbrium, excretes m the mine 
an amount equal to that which is absorbed ® If this mdividual now develops 
lenal acidosis of the type > under discussion, the calcium excretion in the mine 
may reach 300 to 500 mg daily, this uuU mean a loss to the body of 200 to 400 
mg daily, if this goes on for months and years the skeleton voll become depleted 
and the elevated calcium excretion m the uime will somewhat decrease Now if 

5 In this arithmetic the amount of calcium absorbed and re-excreted in the bile is dis- 
regarded 
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one o\ercomes the aadosis mth alkali therapy, one can prevent further loss 
but the most one can hope to achie\e m the aaj of a postue balance is 100 mg 
per daj if the calcium excretion m the urme should fall to zero, but smce the 
parathj roid hiTierplasia keeps the serum calcium up to normal there will be some 
loss of calcium m the urme and the positii e balance a ill be less than 100 mg per 
daj Therefore, the second step m therapj is the administration of an agent 



Fio 20 CA»b 7 (A) V ray oa 4-l-^3 and (B) \ rui on 7-7-13 
^.oto that calluses of bilateral oatcotora> performed on 0-25-42 were oaJi mcoropletcK 
calcified on 4-1-43 before thcrapj 

wiuch will rntreuso the calcium absorption from the ga^tro-iptcbtimil tract, 
imraclj ntamm D V combination of this inth alkali therapj mil bnng about 
the dc-nred cud Thus, ntanun D will cause calcium to be absorlicd, alkali 
therapj mil decrease its loss m the urme If \ itamm D is gu en alone a large 
part of the calcium which is absorbed mil lx; re-c'ccrotcd m tlie urme If alk.ili 
therape is giccn alone, \en little calcium mil be absorbed so tlut, in spite of 
little lo'S in the unne, the Ixilanco mil still be onh shghtK politico \s a mat 
ter of fact, if one gi\ es a \ cn high calcium mtuke and massu c doses of \ itamm D, 
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SO much calcium vnR be absorbed that, m spite of the laige loss m the uime, the 
patient vnR be in positive calcium balance and the osteomalacia will be cmed 
(see fig 25) Once the osteomalacia is cured, alkah theiapy alone iviU pie- 
vent further bone disease 

The above treatment not only results m the alleviation of the bone disease but 
restores normal growth wheie the epiphyses aie not yet umted The lack of 
skeletal gioivth m nckets has been attributed by some to a disoidei othei than 
that m the calcium metabolism It is possible, however, to diaw up a reasonable 
hypothesis to explam it on the basis of the disoideied calcium metabolism 



Fig 27 Case 7, Renal Acidosis with Osteomalacia and Nephhocalcinosis 

(A) X-ray on 3-30-43, (b) x-ray on 12-21-44 In “A” note increased radiability of 
bones, fractures of pubic rami, stones in lower end of right ureter, marked scoliosis and 
bilateral nephrocalcinosis In “B” note normal density of bones, decreased degree of 
scoliosis, new collection of stones at lower end of right ureter, and decrease in number of 
kidney stones 

Thus, the sequence of events rmght be 1) lelative unsaturation of body fluids 
with calcium phosphate, 2) failure of calcification of the zone of piovisional cal- 
cification of cai triage, 3) failure of mature cartilage cells to die, 4) failure of 
blood vessels to break into holes left by dead cartilage cells, 5) continuation of 
proliferation of cartilage cells, 6) an mcieasmg distance between piolifeiatmg 
caitilage cells and blood supply, and 7) failure of cartilage cells to piohfeiate 
due to lack of blood supply 

Before presentmg the eypeiimental data on which much of the above discussion 
is based, the case histones of the tivo experimental subjects will be presented 

Cass Diagnoses renal acidosis, Milkman’s syndrome 

MSP (M G H 237547), a 40-year-old white married laimdress, first entered the 
Outpatient Department in February 1940, complaimng of back pain for several years and of 
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pain and atiffness of the fingora of the left hand for one and one half >ear8 She had lost 
20 pounds in the preceding 2 years 

Physical examination revealed moderate atrophy of the left forearm, and 8c\ ere atrophy 
of the left third fourth and fifth fingers There was marked hyperesthesia of these parts 

Imtial I raj exaramation showed severe decalcification of the left hand most marked 
m the third, fourth, and fifth fingers There was a pseudofracture of the loft scapula (sc© 
fig 2F) tho agmficance of which was not appreciated at that time The epinc was dc 
calcified and showed scoliosis and kjT)hosi8 

Dunng the ne\t year the patient was treated in numerous chnics m the Outpatient De- 
partment and was twice admitted to tho hospital once on the Orthopedic Service and once 
on the Neurological Service However, the correct diagnosis was not made she was con 
adered to have psychoneurosis, she became progressively worse, tho poms in her hand and 
back increased pain m tho pubic bones and later generaliied bone pain dev eloped she lost 
an additional 20 pounds 

The patient again entered tho hospital m March 1041 She was now a complete invalid 
duo to her severe bone poms Further x raja of the bones and a review of previous films 
led to tho correct diagnosis of Milkman’s sjTidrorao 

These x rays revealed some decalcification of all bones There were healed fractures of 
tho distal ends of the shafts of the left radius and ulna and of two phalanges of the loft hand 
The left scapula still showed tho pseudofmeture proviouBlj desenbed No corresponding 
fracture was seen in tho nght scapula There was an old fracture of tho tenth nb on the 
npht In the pelvis w ore sjmmetncal pseudofracturcs radiating from tho sacro iliac joints 
into the ilia and of the pubic bones running through the superior rann The skull was 
only modcratelj decalcified Tho lamina dura was absent about most of the teeth 

Unne analysis showed modorote albunimuna a specific gravity dunng a anno coucen 
tration teat of 1 018, peraiatentlj a slight precipitate with Benedict’s Solution a unuary 
pH of 5 5, and manj granular and hyaline costs in the sedimont Pbcnolsulphonphtiialcm 
excretion after intravenous administration was 8 per cent m 16 minutes, 7 per cent in i 
hour with a total of 28 per cent in 2 hours The studies of Iho blood revealed 14 gm of 
haemoglobin 4 35 million crjthrocjtes 0 300 leucocytes, and a normal smear Scrum 
onaljses showed calcium 9 5 mg /lOO cc , phosphorus 1 9 mg /lOO co , phosphalase 7 6 
B U non protein nitrogen 10 mg /lOO co , protein OS gm /lOO cc , COj combining power 
10^ m eq /liter chloride 107^ m eq /liter, total liase 16S ra cq /liter and sodium 138^ 
m eq /liter The plasma pH was 7^7 A glucose tolerance lest was normal A libinl 
biopsj was performed the bone was decalcified with Mueller's fluid Dr Granville V Ben 
nett did not consider tho width of tho osteoid scams greater than normal and considered 
the specimen normal 

On discharge on June 28 1941 she was given vitamin Da 30 000 units dailj and aulficicnt 
sodium citrate and calcium gluconate to eontro! the acidosis and insure a high calcium 
intake Within 2 months tlicro was a dramatic Improvement By Septoinbcr 1D4] the 
bone pain was decreased she was able to wnlk her appetite had increased she was gaining 
weight Tho fractures of the pelvis and nght scapula wore no longer vnsiblc m x rajs taken 
during January 1942 Serum calnum pbusphonis and phosphatase values rctumeil to 
normal 

There was persistence however of tho pain m tho third, fourth and fifth fingers of the 
loft hand, tlus was considered to bo a form of causalgia in some waj connected watli tho 
healed fracture of tho radius and a nerve crushing operation of tho digital nerves of these 
fingers was performed bj Dr James G W’hitomJunc 1912 following which she was com 
plotcly asjmptomatic for six months Tho pam then rctunicd In Marcli 191J her left 
nng finger was amputated winch gave complete and jiermancnt relief from this mjstcnoua 

IKUD 

Thu patient continued lo be followed m the Outpatient Department She ctintinueil to 
show a low COt content of the scrum and a high scrum chlondc value when off medication 
and normal values when on medication Tho latter consisted of largo amounts of vntamin 
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D (circa 50,000 units daily) and sodium citrate (circa 2 teaspoonsful of the crystals four 

times daily) In September 1944 she fell and broke her left arm, this healed ivithout inci 
dent 

On December 6, 1944 while asymptomatic, she consented to enter the metabolic ward for 
the studies discussed below in the text This opportumty was taken to check some of the 
laboratory findings The urine show ed persistent albunununa which was not orthostatic 
The unne sediment was essentially negative Four unne cultures showed “no growth” 
and there ivere no bacteria present in the urinary sediments (On two occasions in the 
Outpatient Department, cocci had been present in the urine, both in the sediment and on 
culture, this apparent infection had cleared up with sulfathiazole therapy in spite of the 
fact that she had taken the drug for only two days ) Her urine reached a specific gravity 
of 1 018 during a unne concentration test Renal glycosuria to a very slight degree was 
probably present, but cystinuna was ruled out A phenolsulphonphthalein test showed 
15 per cent excretion in 15 minutes, 5 per cent m 30 minutes with a total of 30 per cent in 
one hour Analyses of the serum showed calcium 10 1 mg /lOO cc , phosphorus 3 5 mg /lOO 
cc , alkaline phosphatase 5 1 B U , protein 7 8 gm /lOO cc , chlonde 106 0 m eq /liter, CO. 
content 22 0 m eq /liter, sodium 137 0 m eq /liter, and potassium 4 0 m eq /liter The 
blood pressure was 120/80 

Case 6 Diagnoses renal acidosis, late rickets 

M A (M G H 168199), a 17-year-old Canadian born female, first entered the Massa- 
chusetts General Hospital on January 7, 1939, complaimng of defornuties of the legs of 14 
years duration 

At 3 bowing of the legs w'as noticed, at 6 a diagnosis of rickets was made and cod liver oil 
and sunshine were prescribed, at 10 the patient was studied at the Shnner’s Hospital for 
Crippled Children in Spnngfield, Massachusetts, where a diagnosis of renal rickets and 
dwarfism was made and corrective osteotomies were performed, at 13 she sustained a trau- 
matic fracture of the nght w'nst w'hich healed promptly but with deformity, at 15 her nght 
femur w as fractured as a result of trauma and healed in 6 w eeks, but deformities of this leg 
increased, at 16 she developed a severe pain m the right upper leg and thereafter was unable 
to walk without crutches Unnalysis wdiile at the Shrmer’s Hospital revealed albuminuna 
and the presence of occasional casts in the sediment, but normal renal function as judged by 
the phenolsulphonphthalein and urine concentration tests 

The patient had had whooping cough and influenza at the age of 3, mumps at 6, and 
measles at 12 She had had frequent tonsihtis until a tonsillectomy at 12 Cod hver oil 
had been administered from early childhood until two years before entry, and she had had 
ample exposure to sunlight Catamenia had begun at the age of 15 

The mother and father and six siblings were living and well 

Physical examination except for short stature, multiple skeletal deformities characteris- 
tic of rickets, and a blood pressure of 110/80, was non-contnbutory 

The unne analysis showed moderate albuminuria, rare leucocytes in the sediment, an a 
specific gravity of 1 028 during a urine concentration test Routine blood counts 
normal The serum non-protein-mtrogen was 33 mg /lOO cc , the serum protein 8 0 gm /I 
cc , the serum calcium 11 2 and 9 7 mg /lOO cc on two deternunations, the serum phos- 
phorus 2 2 mg /lOO cc on each of two deternunations, the serum phosphatase 16 3 B U 

Roentgenographic examination of the skeleton (see fig 25A and fig 28) revealed mar e 
generalized changes considered consistent with long standing rickets There was a pseu o 
fracture at the upper end of the tibia (see fig 28) Root formation of the teeth was 
tarded, the lamina dura wms thin and m some places completely absent The distal epi- 
physeal lines of both radii and ulnae showed the characteristic changes of rickets (see g 
25A) There were multiple old, incomplete, roughly symmetrical fractures of the femurs, 
tibiae, fibulae, and metatarsal bones 

The chemical determinations and the x-ray findings made the diagnosis of rickets - 
tain, it W'as felt at that time that the most likely cause of the rickets was a '‘esistance 
the usual doses of vitanun D She was, accordingly, given 120,000 umts of vitamin 
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and discharged to the Outpatient Department An x ray of her right TVTiat taken 6 ueeks 
later showed the ncketa to be healed (see fig 26B) At this time the serum calcium waa 
12 5 mg /lOO cc , the serum phosphorus 4 1 mg /lOO cc ; the serum phosphatase 14^ B U 
Subsequently, her serum COa waa found to be 17^ m eq /liter (normal about 27 m eq ) 
Because of this acidosis and the peraiatent albuminuria it was felt that some abnormality 
of renal function might be the basis for her trouble She was accordinglj readnutted for 
further study on June 26 1930 Vitamin D had been discontinued on Apnl 22 1039 
Unne analysis now revealed a pH of 6 6 to 6 0, moderate albuminuria, normal sediment 
specific gravity of 1 028 dunng a unne concentration test and no growth on culture The 



Fio 2S Case 5 Ubnal \cidosi8 Late Rickets 
\ raja of knees taken on 1-13-39 Note pacudofructure (arrow) 


excretion of phcnolsulphonphtlialom after Inlmvenous admimstnition was 10 per cent in 
15 nunutes 10 i>er cent m 30 minutes 16 per cent m 60 minutes making 35 per cent m all 
The Bcnim cblondo was 111 0 m eq /liter, the serum COi content 18 1 m eij /liter the scrum 
calcium 10^ mg /lOOcc the serum phosphorus 3 1 mg /lOOcc the serum phoaphaease 13 4 
Ur An Introxcnoufl pvelogrom gave normal findings The licnes of the pol> is appeared 
more calcified than on the previous examination in January 1039 

Tlio patient was given large doses of sodium citrate, 26-40 gm dailj , for 7 dajs On this 
regime her Bcnmi CO, rose to 25 m e<j /liter her scrum chloride fell to 109 Om eij /liter the 
unne pU rose to 7 A The puticnt was again discharged to the Outpatient Dcimrtiucnt 
Subaciiucntlj (most recent visit \o\crobcr 4 1944) slie has remained in excellent Iiealth 
^loat of the tinio she lias taken two teasixionsful of sodium citrate crwatals dissolvt^d in 
water three tiroes tbilj at times she has taken moderate amounts of vitamin D In Ma\ 
19-13 flho was found to haxc a normal prothrombin time and normal contents of vitamin A 
and caret mold in her blood Fur t lie r unno cultures and unite analjscs made actix c p\ do 
ncphntis must unlikcK 
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DIGRESSION ON COMPENSATORY MHCHANISMS ^VHICH AID IN THE URINARY 
EXCRETION OP AN EXCESS OF ACID OR ALX^LINE RADICALS 

Foi the imdei standing of the expeiimental data to come latei the present 
digression is almost essential If the mtake (diet, medications, etc ) contains 
an excess of morgamc acidic over basic ladicals, i e an “acid ash” nuxtnre, three 
chief mechamsms come mto play to help excrete the excess acid and so to avoid an 
acidosis (Gamble, Blackfan, and Hamilton (48)) 

The fiist and most important mechamsm is the pi eduction by the ladney of 
ammonia This mechamsm reciunes some time — at least 5 days — to reach its 
maximum 

The second mechanism is the excietion of an acid mine As the urinary pH 
decreases below the neutral pomt, more and moie of the orgamc acid is excreted 
free vuthout base and more of the phosphate is excieted in the foim of pnmaiy 
phosphate as opposed to secondary phosphate The savmg thus attamed is meas- 
ured by the “titiatable-acidity-of-the-imne” ivhich is the amount of base 
necessary to biing the mine to a pH of 7 4 Smce there is a minimum (4 7) 
to which the pH of the urme can deciease it is obvious that theie is a limit to the 
titiatable acidity depenchng on this minimum and the amounts of oiganic acid 
and phosphate m the mine 

The thud mechanism is the dissolution of bone salts Of these, the salts other 
than those of calcium are neghgible Shohl (49) states that 85 pei cent of the 
calcium m the skeleton is in the form of teitiaiy calcium phosphate and 12 pei 
cent in the foim of calcium caibonate, this leaves 3 pei cent unaccounted for 
In the follow mg calculations it wall be assumed that this 3 pei cent is combmed 
with orgamc acids such as citnc acid At a pH of 7 4 the tertiary calcium phos- 
phate would be excieted as a roLxtme of secondary’' phosphates (80 per cent) and 
piimaiy phosphates (20 per cent) , this Avould leave 40 per cent (^ X 80 + f X 
20 = 40) of this calcium free for umon mth other acids All the calcium of the 
calcium carbonate and of the calcium salts of other orgamc acids such as citnc 
acid, provided the orgamc acid radicals aie completely oxochzed to CO 2 and water, 
w ould be available for excietion A\Tth mmeral acids in the unne It iviU be seen, 
therefore, that 40 per cent of 85 per cent of the calcium dissolved from the bone 
and 100 per cent of the lemammg 15 per cent (49 pei cent in all) Avould be avail- 
able foi neutrahzmg mmeral acids m the unne To be sme, if the unne ivas 
acid, the calcium dissolved from the bone w^ould have a greater net value but 
this added value is taken mto account m the titratable acidity and so can be 
dismissed here 

There is a fourth mechanism, — the excretion of body fluids, notably extra- 
cellular fluids In the presence of an acidosis, the body can exciete some of its 
flmd and hence make available part of the base of this fluid to neutrahze acid 
Smce most of the base of this fluid is already off-set by mineral acids, the actual 
importance of this source of base is less than one would fimt think Furthennore, 
one cannot keep on excretmg body fluids so this mechanism must be considered 
as a temporal y and himted one 

If the mtake contains an excess of morgamc basic over acidic radicals, 1 e an 
“alkahne ash” mixture, the chief mechamsm, as showm by Gamble (50), relative 
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to the neutrahzatioii of the excess of base m the urme la the large amount of car- 
bonate so excreted at alkalme pH’s The concentration of carbomc acid m the 
unne rests, as does its plasma value, on the carbon dioxide tension m the alveolar 
am Smce the hydrogen ion concentration of the unne is detemuned bj the ratio 
of free carbomc acid to bicarbonate, this fixed value for the numerator prescnbes 
the mdividual values for bicarbonate over the range of unnaiy pH’s (see fig 29) 
The mterestmg point brought out by fig 29 is the rapidity with which the bi- 
carbonate m the unne mcreases as the pH rises aboi e the neutral pomt If one 



Diagram taken from Gamble (61) to illustrate the rapid increnao in urinary bicarbonate 
as tbo urinary pH nacs above tlio neutrul point 

The authora are indebted to Dr J C Gamble for pormiBsion to reproduce this figure 

knotvs the pH of the unne and if one assumes a normal tension of carbon dioxide 
m the alveolar air, one can calculate the amount of bicarbonate in the urme by 
the Henderson Hassclbalch equation 

pH = 0 I -1- log BHCOr/HjCO, 

In fig 30 (\ ide infra) some bicarbonate values dem cd from the abov e formula 
arc compared with the actual biearboiutc found, all tlungs considered, the agree 
ment is surpnsmglj good 

From the above discussion it is seen tliat the ammonia, plus the titratablo 
aciditv, plus 49 per cent of the calcium mobilized from the skeleton serve as 
siiarcrs of base* while the bicarbonate in the unne serves to remove an> surplus 
of liase which maj Irnvo been ingested or winch the bm-e savers maj havepro- 

• base 19 meant fixed base — i c N,, K, Ca, aad Mg 
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vided, ur^iy bicarbonate, therefore, is a negative sparer as it were This gives 
ms^\s bT)"^ quantitative expression for the sum-of-the-base-spaiing-mecha- 


S B S = NH4 + tit ac + 49/100 Ca - BHCO3 



3 DAY PERIODS 

Pig 30 Compakison of the Acid Values of the Diet mtth the S B S (“Sum of Base 
Sparers”) under Neutral, Acid, and Alkaline Regimes 
The base sparers — calcium mobilized from skeleton, ammoma, and “titratable-acidity- 
minus-COi” — are charted one on top of the other in the order given, where the titratable- 
acidity-minus-COj is a negative value it is subtracted from the sura of the other tw'o (see 
periods 7 through 12) The data are charted as 3-day values In calculating the calcium 
components of the S B S , 49 per cent of the urinary calcium was taken although not all the 
urinary calcium was necessarily derived from the skeleton, it should be noted that, m spite 
of this, the values so charted were insignificant and became detectable in the diagram only 
during periods 14 and 16 The calcium is charted separately with a larger scale at the 
bottom to show the marked increase in excretion with ammonium chloride, and the failure 
of the excretion to increase with sodium acid phosphate For further discussion of dia- 
gram, see text The data for this diagram are taken from Farquharson, Salter, and Aub 
(53) and are presented here with the permission of the Journal of Climcal Investigation 
The authors are indebted to Dr Harry Klinefelter for the preparation of this diagram 

wheie Ca lepresents that ahquot of calcium excretion Avhich is derived fiom the 
skeleton, namely the negative calcium balance However, the deteimmation of 
the titratable acidity and that of the bicarbonate m the urine offei some difficulty 
due to the ease Avith which carbomc acid diffuses off This difficulty can be cir- 
cumvented by omittmg both of these determinations and measuring in then place 
the “titiatable-acidity-minus-COo” (Albnght, Bauer, Ropes, and Aub (52)) 
This value is obtained by addmg a knoAm amount of hydrochloric acid to the 
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urme, aeratmg until all the CX)i os dnven off, and th e n titratang back to a pH of 
7 4. The answer is obtained by subtracting the amount of acid added from the 
amount of alkali used m the titration. 

In fig 30 some very mterestmg and pertment data from a paper by Farquarson, 
Salter, and Aub (63) are presented m diagrammatio form The data pertam to 
a rnan of 37 who was convalescmg from lead poisomng and show the effect of 
various acid and alkaline regimes on the 8 B.S The first pomt brought out m 
fig 30 IS the fanly good parallelism between the SJSB and the acidity or alka- 
linity of the ash of the mtake (diet plus medication) , it should be noted that the 
S3.S IS not zero on a neutral regime, this is understandable because a neutral 
ash diet rnpAna eqmvalence of fixed base and the sum of the radicals of the m- 
orgamo acids, — Cl, HPO*, and SOi, there is, however, a fourth component of 
the total acid excretion, a group of orgamc acids which must be covered by S B 3 
Of mterest, secondly, m fig 30 is the insignificance of the calcium mobilized from 
the skeleton as a factor m the S B S despite the marked mcrease m the excretion 
during the administration of NHiCl (see periods 14 and 16) The third pomt to 
bo noted is the tendency for the titratable-aoidity-mmus-COi to reach a limit on 
the positive side as discussed above (compare penods 14 apd 16 with penod 13) 
Other pomta of mterest m fig 30 are the delay m the ammonia e.\cretion m reach- 
ing a maximum, the effect of an mcrease m phosphate mtake on the degree of 
positivity of the titratable aadity-mmus-COi (see penods 19 and 20), and, smoe 
In a sufficiently acid urme sodium acid phosphate requires no added base, the fail- 
ure of this salt as compared with ammomum chlondo to pull out ammoma and 
calcium This last pomt is all important m the clinical problem of aadifymg the 
urine to prevent the formation of calcium phosphate calcuh, but this is aside from 
the present discussion Finally, it should be noted m fig 30 that the S3 S did 
not qmte compensate for the mcreased aadity of the mtake when ammonium 
chlonde was added m penods 12 through 16 As had to bo the case, this did 
result m a blood acidosis with a plasma CO» content of 14,6 m.eq /hter m penod 16 

MBTABOLIO DATA ON CASES OP KENAL ACmOSIB BESUMTNO FBOII TTOULAB- 
rNBrrPPICIENCT-WITHOtnMJLOiIBBlJI.An-INSDPnCIENOY 

Expmmenl l~EiJtct of neulral ash, aad cuh, and aUtahno ash xnlaUs on , 
calcium metabolism, and polasstum metabolism of patient with renal aadosis of the 
speafiotype 

In fig 31 and table 1 are presented some data on case 4 obtamed durmg a 33 
day study at a time (Dec 1944) when the osteomalacia had been completely 
cured by previous therapy She was studied for 12 days on a neutral ash diet, 
for 6 days on an aad ash regime (neutral ash diet plus 130 m eq of ammomum 
chlonde by mouth per 24-hout8), for 7 days back on the neutral ash diet, aad fi- 
nally for 9 days on a alkalmo ash regime (neutral ash diet plus 350 m.eq of sodium 
lactate per 24-hour by mouth) For a conaderable penod before the onset of 
the mvestigation and throughout the entiro mvesbgation, the patient recened 

1* Tho Biuno dau were charted in a somewhat different manner by Salter Farquarion 
and TibbetU (M) ^ ' 
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Metabolic data for experiment 1 
Case 4 Renal acidosis (M St P 237647) 
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Fig 31 Experiment 1 , Case 4 , Renaii Acedosis and Cured M idkman ^s Stndbomh 
® A compansoa of the effect of a neutral ash regune with an acid ash regime and an al- 
kaline aah regime For discussion see text 
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60,000 units of vitaimn D dafly , this insured an adequate calcium absorption and 
precluded any changes m calcium metabolism resulting from fluctuations m the 
ultra-violet hght m the atmosphere On day 17, the last day of the ammomum 
chlonde administration, the patient developed pam m her arms which is often 
the first symptom of the low potassium syndrome and for four days thereafter 
was unable to eat all her diet, this explains the decreased mtakes dunng days 18 
through 21 

Serum chlonde and serum COt conient At the top of fig 31 it will bo seen that 
dunng the 12 days on the neutral ash regune the serum chlonde and serum COt 
content were withm normal himts, that with the administration of ammonium 
chlonde the serum chlonde rose to a high level (112 m,eq /hter) and the COj 
content feU to a low level (13 0 m eq /hter) , that dunng the control days back on 
the neutral ash regune these values returned to normal, and that finally, with the 
administration of sodium lactate, there was a further shght nse m COj content 

Comparison of SJB^ inlh aadity value of ash intahe Note m fig 31, as m fig 
30, that the calcium component of the S is neghgible throughout, that, as m 
fig 30, the S B S has an appreciably positive value to offset the orgamc acids 
during the neutral ash regime (see days 1 through 12) , that with the administra- 
tion of ammomum chlonde the S BB does not nse as much as the acidity value 
of the mtake which makes a blood acidosis a necessary sequel, that with the omis- 
sion of ammomum chlonde (days 18 through 21) the S BB contmues high untd 
the acidosis is dispelled (day 24), and, finally, that with the administration of 
sodium lactate the S JB S becomes a negative value but not qmte so negative as 
the acidity of the regune, presumably because of the contmued presence of or- 
gamc acid m the urme Indeed, the discrepancy between the acidity of the re- 
gune and the S B S is greater with thealkahne regune than during the neutral re- 
gime, this suggests an mcrease in orgamc acid excretion dunng the alkalme regime 
which IS what one would expect The importont pomt for the argument at hand, 
however, is the foot that the SBB , while defimtely nsmg, does not nse sufifi- 
dently to compensate for the 130 m eq mcrease m acidity dunng the administra- 
tion of ammomum chlonde, this speaks for an unpaired tubular function as 
hypothesiied above In fig 32 (vide infra) these data ivill bo compared with 
those from a normal mdividual who received the same amount of ammomum 
chlonde The “normal mdividual” m fig 30 received 224 m eq of ammomum 
chlonde daily instead of 130 nneq so the data on him cannot bo used m compjm- 
Bon 

Calcium metabolism It will be noted m fig 31 that the calcium metabolism 
behaves m accordance with the hypothesis outhned above Thus, dunng the 
neutral ash regune (days 1 through 12) there is a largo amount of calcium m tho 
unno and a large ncgatiio calcium balance, with the ammomum chlonde ad- 
immstmtion there is a sharp nse m the unnarj calcium excretion, ivith tho omis- 
sion of ammomum chlonde there is a return to the mitial level of calcium ex- 
cretion, and, finally, ivith tho administration of sodium lactate there is a defimto 
fall m tho urmary calcium excretion. As m fig 30, tho parallelism between tho 
ammonia and the calcium excretions m tho unne ^ould bo noted. 
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Potamtm metabohsm In the potasaum metabohsm data at the bottom of 
fig 31 note that the unnary excretion parallela the tmnary calcium excretion very 
closely Thus, dunng the neutral regune there is potassium equihbnum, with 
the administration of ammomum chlonde there is a sharp morease m the unnary 
potassium excretion and a fall m the serum potass i u m level, with cessation of the 
ammomum chlonde administration there is a lowermg m the unnary potassium 
excretion, finally, with the administration of sodium lactate there is a strongly 
positive potassium balance and a nse m the serum potassium level The theo- 
retical potassium balance, by which is meant the balance which one would cal- 
culate on the assumption that the potassium balance is dependent on the amount 
of protoplasm (1 gm N = 27 m.eci K) formed or destroyed, is most instructive 
(see dotted Ime) It will be noted that, with the administration of ammomum 
chlonde, the actual potassium balance becomes strongly negative while the theo- 
retical balance remams unchanged This is an mdication that the potassium loss 
dunng oadoais is not due to destruction of protoplasm. It will be further noted 
that with the administration of sodium lactate there is a strongly positive actual 
potassium balance whila the theoretical potassium balance rem ains essentially 
zero 

Expmmtnl — Effect of ISO meq of ommonxum chlonde daily on paiteni imih 
renal aadoaia compared with effect on a normal individual 

The thesis under mvestigation holds that the mdividual with this special type 
of renal acidosis cannot compensate for an excess of acid m the mtake as effec- 
tively as a normal mdmdual It was therefore important to study an mdividual 
with renal acidosis and a normal mdividual under conditions as nearly the same as 
possible This was done and the data are shown m fig 32 and table 2 The data 
on the right side of fig 32 are the same data as shown for days 10 through 17 m 
fig 31 The data on the left side of fig 33 represent the correspondmg data for 
the normal individual Both mdinduals ate the same neutral ash diet except 
that the normal mdividual, having a somewhat greater energy output, received 
20 per cent extra of each component of the diet, both mdividuals received 130 
m eq ammomum chlonde for fii e days Charted m fig 32 ore three control 
days on the diet alone followed bj five dajs of ammonium chlonde administra- 
tion The most important feature of the experiment concerns the changes m 
ammonia and titratable-aciditj-mmus COa as a result of the administration of 
ammomum chlonde, whereas both mdividuals bad a marked mcreaso m both of 
these factors, m the normal mdividual the combmed increase (118 0 m eq on 6th 
day of ammonium chlonde odimmstration) almost offset the mcreaso in acidity 
(130 m eq ) whereas m the patient with renal acidosis the combmed mcreaso 
(77 0 m.eq ) on the 6th day of ammomum chlonde admmistration fell for short of 
this Consequently, the scrum chlonde, COj content, and pH m the normal m- 
dividuol showed no sigmficant changes, m the patient with renal acidosis, on the 
other hand, there was a marked nse m the scrum chlonde, and a marked fall m 
the serum CO 2 content and in the serum pH Tlio calcium exerption m the nor- 
mal mdividual rose shghtly, m the patient with renal acidosis it rose markedly 
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Finally, there was no change m urinary potassium excretion m the normal m- 
dividual, whereas there was a marked mcrease m the patient with renal acidosis 
accompamed by a fall m the serum potassium level 

Expemn&nt 3 Studies of colcium, phosphorus, o/nd nitrogen bolunces on patient 
with renal acndosis to show effect of alkali therapy alone, alkali therapy with 

vitamin D, and vitamin D alone 

As discussed above under section on treatment, the best results are obtamed 
with both alkah and vitamm D therapy It was stated that alkah therapy alone 

TABLE 2 


Metabolic data for experiment 8 
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diminishes the urmary calcium excretion but that this does not make enough 
difference m the calcium balance to produce dramatic changes, that vita mm D 
alone causes a marked mcrease m calcium absorption but that a large part of the 
calcium IS reexcreted m the urme to offset the acidosis, that, however, with the 
above therapeutic agents together calcium is absorbed m large amounts and is 
not reexcreted m the urme The data shown m fig 33 and table 3, obtamed on 
patient 5 at a tune when her osteomalacia had been cured by previous therapy, 
support these contentions The data are self-explanatory At the top of fig. 
33 it will be noted that the mtrogen metabolism was not significantly affected 
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by either of the therapeutio agents The serum chlonde was high and the COj 
content was low when the patient was not receiving the alLah, both of these 
values were normal when she was The phosphorus metabolism (see fig 33) by 
and large followed the calcium metabolism and requires no further discussion 
CcUctum metabolitm Unfortunately, a shghtly alkalme ash diet (2 m eq ) 
was employed for the entire 42 3-day periods This probably accounts for the 



Fio 33 Expbiuuent 3 Caub S, Hzkai. Acidosis, Ricnrrs 
Effect of slkallno therapy with and without vitamin D and of vitamin D therapy with 
and without alkalino therapy on calcium and phosphorus metatmliam For duoti^on sco 
text 


fact that the unnary calcium excretion was essentially normal during the control 
periods (X through 4 and 17 through 22) Most mdividuals left to their own 
devices, of course, would select an acid ash diet It is not surpnsmg, therefore 
that this pabent was m calaum balance during the first four control ponods and 
that her unnary calcium excretion m penod 4 was only 63 mg /day With the 
admmistnition of 200 m.cq of sodium citrate during ponods 6 to 8 there was a 
shght trend to a more positive calaum balance and the unnary calaum excretion 
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during penod 8 averaged 43 mg /day as compared with the 63 mg durmg period 
4 Durmg periods 9 and 10 an additional 100 m eq of sodium citrate were given 
but there was no further decrease m the calcium excretion, m fact, a shght rise 
But with the admmistration of vitamm D m periods 11 through 14 there was a 


TABLES 

Metabolic data for experiment S 


CALOUK PEB 24 HH PHOSPHORUS PER 24 HR NITROOEN PER 24 HR 
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ms 
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gm 
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gm 

sm 

m tq jli hr 

units 

1 

54 
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314 

366 
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m 
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2 
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0 878 
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68 
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672 
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0 878 
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4 
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0 878 
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6 

37 
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0 878 
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Na citrate 200 


6 

54 
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EH 

0 878 
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Na citrate 200 


7 

47 
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573 

+50 
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0 878 

L_ifc 
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+0 34 

Na citrate 200 


8 

43 

283 

326 

EQ 
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0 878 

1 

8 78 
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fi 

66 
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0 878 

t 
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Na citrate 300 


10 

51 
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-59 
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0 878 

1 
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Na citrate 300 


11 

63 
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274 


EQ 

341 


546 

573 

+27 

7 918 

0 878 

i 

8 78 


Na citrate 300 
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12 

76 

211 

286 


EQ 

329 
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673 

+39 

7 236 

0 878 

■ ] 

8 78 

+0 67 

Na citrate 300 

300,000 

13 

85 

68 
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383 
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+109 
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0 878 
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8 78 

+0 14 

Na citrate 300 
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14 
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15 
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27 
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99 
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7 605 
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+0 40 

NaCl 200 
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16 
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27 
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69 
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0 878 
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17 
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-98 
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-0 43 
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■I 
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+9 

Km 
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8 81 
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-0 71 

NaCl 200 
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86 
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-19 
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8 214 
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696 
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NaCl 200 

100,000 

24 
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+114 
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636 
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+69 
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8 10 

-0 65 

NaCl 200 

300,000 
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47 

218 


+137 
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695 

+116 
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0 669 

8 61 

8 10 

-0 41 

NaCl 200 

300,000 

26b 


47 
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+138 
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695 

+91 

8 379 

0 669 
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8 10 
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NaCl 200 
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69 
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KQ 
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368 
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601 
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-1 40 

Na citrate 200 

300,000 
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IQ 

69 
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KB 
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696 

+63 

7 648 

9 972 

8 52 

8 10 

-0 42 

Na citrate 200 

300,000 

27a 


33 

130 

366| 

+226 

388 

102 


696 

+105 

7 821 

0 771 

8 39 

8 10 

-0 29 

Na citrate 200 

300,000 

27b 


33 

166 



383 

102 

485 

695 


7 637 

0 771 

8 30 

8 10 

-0 20 

Na citrate 200 

300,000 

28a 

171 

20 

191 

Kiifl 

+164 

381 

108 

489 

696 

+106 

7 636 

3 879 

8 61 

8 10 

-0 41 

Na citrate 200 

300,000 

28b 

186 

20 


356 

+149 

363 

108 

461 

596 

+134 

7 162 

3 879 

8 04 

8 10- 

4-0 06 

Na citrate 200 

800,000 

29a 

pctII 

26 

308 

355 

+49 

473 


574 

595 

+21 

9 026 

3 733 

8 76 

8 10 

-0 66 

Na citrate 200 

300,000 

29b 

306 

26 

331 

366 

+24 

476 

101 

677 

696 

+18 

7 849 

733 

8 58 

8 10 

-0 48 

Na citrate 200 

300,000 


TREATUENT 


marked fall m the fecal calcium excretion, (58 mg for penod 14 as compared "With 
315 mg for penod 10) as expected, and only a comparatively shght nse m the 
urmary calcium excretion (105 mg for penod 14 as compared with 61 mg for 
penod 10) , consequently, the patient went mto strongly positive calcium balance 
(192 mg m penod 14) FmaUy m penods 16 and 16, when the sodium citrate 
was discontmued while the vitamm D was contmued, there was a further shght 
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decrease m fecal calcium excretion coupled now with a marked nse in the unnary 
calcium excretion (282 mg m penod 16 aa compared with 105 mg m penod 14) 
which almost wiped out the positive calcium balance obtamed by the mcreased 
calcium absorption These findmgs emphasize the importance of adminiatermg 
both therapeutio agents together (an alkahmzmg salt and vitamm D) 

Durmg periods 17 through 42 the same experiment was repeated m reverse 
order, i e after the control penod the patient received vitamm D alone first and 
then vitamm D plus sodium citrate The anticipated findmgs, with a few res- 
ervations, were obtamed With vitamm D alone there was a marked fall m 
fecal calcium excretion and a marked nse m unnary calcium excretion, smce the 
latter did not offset the former, the patient went mto strongly positive calcium 
balance (see penod 34) When sodium citrate was added to vitamm D m penod 
36 there was a marked fall m the unnary calcium excretion as expected and a 
resultmg marked morease m the positive balance (220 mg m penod 36 as com- 
pared with 138 mg m penod 34) However, the decrease m the u nnar y calcium 
excretion persisted for only two 3-day penods (36 and 36) after the onset of sodium 
citrate therapy, from penod 36 through penod 42 there was a steady rise m the 
unnary calcium excretion so that the positive calcium balance was almost wiped 
out m penod 42 The authors attribute this unexpected finding to the sup- 
position that the bony tissue by penod 37 had become entirely calcified and that 
there ivas, therefore, no place m the skeleton for calcium to go, accordm^y, 
just as when vitamm D is administered to a normal mdrvidual, the calcium which 
was absorbed m mcreased amount from the gastro-mtestinal tract was promptly 
reBxcreted m the urme 

The unnary potassium excretions were determmed for the first eight penods 
(see table 3) It will be noted that they tended to parallel the unnary calcium 
excretions, this was particularly true m penod 6 when there was a marked fall 
m both on the mitiation of sodium citrate therapy 

The serum calaum and phosphorus values are of mterest In both parts of 
the experiment when a strongly positive calaum balance was obtamed it was the 
serum phosphorus which rose and not the serum calaum This is m agreement 
with the thesis expounded above that the low scrum phosphorus represents a 
compensatory over-activity of the parathyroid tissue m on effort to keep the 
serum calaum level normal With an mcreased calaum balance this need is 
lessened and the serum phosphorus rises 

Expmmeni 4 — Tolal aad-bate balance of -unnary electrolylee dunng first sixleen 
penods of expenmen t 3 

In order to throw further hght on the deranged electrolyte metabolism m the 
specific typo of renal aadosis under discussion, it was decided to balance acid 
electrolytes m the unno agamst the baaio electrolytes accordmg to the prmciplcs 
desenbed by Gamble (60) On the basic side were determmed total base, am- 
monia, and titratablo aadity, on the acid side orgamc acid, phosphate, sulp'hate 
chlondo, and COi The phosphate values are adjusted to their base binding 
values at a pH of 7^5 (i 0 a i alcnce of instead of 3 0 is assumed) jUl values 
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are expressed in milliequivalents By subtracting the sum of the acid values 
from the sum of the basic values the “undetermined acid” (u a ) is derived In 
addition, the “titratable-acidity-nunus-COa” was determmed, when the CO 2 
value IS added to this value one obtains mdirectly the titratable acidity This 
denved value for titratable acidity is more accurate than the one determined 
when the titratable acidity is low or actually negative as is the case at alkaline 
pH's 

The urme was collected under oil and kept m the ice-box until the 24-hour 
collection was complete The determinations of ammonia, COj, pH (glass 
electrode), orgamc acid, and titratable-acidity-imnus-C02 were earned out at 
once The diet itself remamed constant throughout the sixteen 3-day penods 
and with the added calcium gluconate constituted an mtake which was shghtly 
alkaline m ash (2 2 m eq ) , the addition of sodium citrate durmg penods 5 through 
14, of course, made the mtake, as a whole, durmg these penods very alkaline 
The data are shown m table 4 and fig 34 

Fig 34 IS self-explanatory The findmgs on the whole are as anticipated 
Note especially durmg the four control penods, m spite of the high chlonde and 
the low CO 2 levels m the blood, that the ammoma excretion only reached 47 0 
m eq per 24-hours (cf value of over 100 m eq for normal man xeceivmg am- 
momum chlonde m experiment 2) and that the titratable acidity only reached 
11 m eq /24 hours A somewhat disturbmg feature of these data are the high 
values for “undetermmed acid” To be sure, these values contam the summated 
errors of the entire experiment Though these values for undetermmed acid do 
rise considerably as the urme becomes alkahne, it is unlikely that their unex- 
plamed magmtude is entirely due to errors m the collection of CO 2 smee the values 
were already high durmg the control penods when the CO 2 was very small The 
undetermmed acid presumably is not some orgamc acid smee the latter was 
estimated separately (method of Van Slyke and Palmer (55)) 

The most mterestmg features of fig 34 are highhghted m fig 35 and 36 

Fig 35 contains an analysis of the chlonde, sodium, and total base data It 
wiU be seen m penod 5 when 200 m eq of chlonde were replaced by citrate, the 
sodium mtake remammg unchanged, that the fall m the urinary chlonde ex- 
cretion did not quite equal the decrease m the chlonde mtake and the serum chlo- 
nde fell At the same tune, it wiU be seen, there was a fall (32 0 m eq ) m the 
urinary excretion of total base Of this 32 m eq fall, 10 m eq were accounted 
for by the fall m the potassium excretion and 1 m eq by the fall m calcium ex- 
cretion In penod 9, when the sodium mtake was mcreased, the chlonde mtake 
remammg constant, the rise m the total base excretion did not correspond with 
the change m mtake and the serum total base level rose, the chlonde excretion 
showed httle if any change The administration of vitamm H had no apparent 
effect on the total base or chlonde excretions In penod 15 when the mtake 
was returned to the control level there was a rapid adjustment back to the control 
levels 

In fig 36 an analysis is made of the determined CO 2 values and those calculated 
from the urmary pH's accordmg to the precepts laid down by Gamble (51) and 
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UelaMie data for expmmait 4 
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Fig 34 Exphhimbnt 4 Cash 6, Renal Acidosis, Rickets 
Effect of alkaline therapy, alkjme therapy plus vitamin D, and yit amin D alone on 
total acid base electrolyte balance in unne For discussion see text 
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discussed above The authors use 4J2 volumes per cent as the concentration of 
HiCOj m the urme This value is the average of 66 determinations performed 
by Gamble, his mdividual determinations having a range of 6^ to 3 3 volumes 
per cent 

It will be noted that the determmed and derived COj's comcide fairly well 
until the urine becomes alkaline when the derived values rise considerably above 



the actual values Thus, on the second day of period 12 the calculated CO, 
is 111 m eq /liter and the determined only 84 8 m eq /liter This discrepancy 
could be obliterated if one assumes an HsCO, content of the urme of 3 2 instead of 
4^ volumes per cent, the slight unavoidable loss of CO, which must occur would 
make a change m this direction. It seems unlikely that the discrepancy is to bo 
attributed to a loss of CO, after the determination of the unnory pH and before 
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thfl detenmnatiOE of the COi An error m the pH detennmation of the urme 
such as an actual pH of 7 74 instead of 7 87 would hkewise account for the dis- 
crepanoy One cannot explain the discrepancy at the higher pH’s on the basis 
that the COi tension in the blood and hence in the urine is higher because this 
would make a shift m the opposite direction The authors, however, wish to 
stress the relatively good agreement, all thmgs considered, which they foimd 
between the calculated and detemuned values for COi m the urme, they feel 
that these data lend support to Gamble’s postulation that carbomc acid m urme 
IS approximately stationary and that, therefore, the quantity of bicarbonate is 
a direct function of pH 

It IB of mterest that the COi m the urme rose from 13 to 139 m eq /day when 
the amount of chloride m the mtake was reduced by 200 m.eq /day and rose 
further to 216 m eq /day when there was an additional mcrease of 103 m.eq /day 
m the sodium mtake, thus the net gam of base not bound by COj was 74 m eq / 
day after the first change and 102 m.eq /day after the second change Smce 
the serum COj did not return to normal until after the second change, it seems 
clear that the kidneys m this case excrete an alkahne urme and waste base m 
combination with COi at a tune when there is still a blood acidosis present The 
authors conclude that the kidneys m t h is patient have a decreased abihty to 
excrete an acid urme, as well as to make ammonia, if one takes mto account the 
degree of blood acidosis at the time the determinations are made 
The following four case histones illustrate further some of the pomts discussed 
concerning this syndrome 

CateS Diagnoses renal addosU, nephrocaloinosU, pyelonepbntis (Staph albus and 
B coll), chemioal -osteomalacia withoot-blgh-phospbatase 

hlisB A St P,MQJH *311058, a single woman 0128, entered tho hospital on July 16, 
1941 complaimng of bilateral pain in the region of the fcadneys, dysuna, hematuria, and the 
passage of gravel of about 4 months duration Frequency and nocturia had started about 
4 years previously and she had first developed bilateral fianlc pains 1 year previously fol- 
lowing a cold 

jji In her past history, she had always been rather sicldy and had had the usual childhood 
diseases Including scarlet fever Of especial interest as it suggests a low serum potassium 
is the history of paralysis of the anna and legs of 3 days duration about 8 years previously 
which disappeared spontaneously 

Physical examination was non-contnbutory except for very short stature , blood pressure 
was 130/80 

I>aboratory studios urme,— slight olbuminurio, ehght p 3 raria, hyposthenuria (opedfio 
gravity 1 010 during a concentration test), phenolsulphoophthaloln excretion 10 per cent 
in 16 minutes and 40 per cent In one hour, unuo culture, — Staphylococcus albus and B 
coii , serum chemistry, — calcium 0 7 mg /lOO co , phosphorus 2 H mg /lOO co , alkahne phos 
phataso 4.8 Bodonsky umts COi combimng power 18 m eq /liter, chlondo 117 B m eq /hter 
protein OB gm-ZlOO cc , non protein mlrogon 10 mg /lOO ce , sodium 139 0 m eq /liter' 
analysis of a stone, — phosphorus +-)•++, uno odd 0, oxalate trace, red count 4,900 OOo' 
white count 8 000 ' 

X rays showed bilateral nephrocslcinoeis (see Fig 21C) Thero wore no skeletal changes 
It was felt that the findings could all bo explained on the basis of renal addosis IVllh 
a low scrum phosphorus and a normal serum phosphatase a diagnosis of chemical-osteo- 
malacia without-bigh-phosphatase was mads Accordingly she was given one tcaspoonful 
of sodium dtrate crystals four Umes daily, her CO, combining power rose to 26 m-eq /liter 
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and her serum chloride fell to 106 m eq /bter Her serum phosphorus returned to normal 
She was changed from a sickly individual to an energetic young person She continued to 
pass calculi but formed no new ones so that when last seen October 13, 1944 the number of 
calculi was markedly reduced (see fig 22) 

Case 7 Diagnosis renal acidosis, nephrocalcinosis, osteomalacia, decreased stature 
Miss B A , M G H #398314, age 18, entered the Baker Memonal Hospital on March 29, 
1943, having been referred by Dr Richard S Hawkes of Portland, Maine She complamed 
of skeletal pain and the passage of kidney atones 

The patient dated the onset of her present illness to 9 years previously when she first 
developed an mtermittent pain m her right side diagnosed as appendicitis and treated with- 
out rehef by an appendicectomy, thereafter she practically stopped growmg and con- 
tinued to have frequency, noctuna, and some dysuria She consulted a chiropractor who 
treated her for a hip condition with mampulations but ivithout improvement 

Two years before admission she fractured several nba while turmng over m bed, later she 
fractured her left leg Nme months before admission she was admitted to the Marne Gen- 
eral Hospital where a bilateral osteotomy of the femurs was performed in order to straighten 
her lege which had been bowed for an mdefimte period of tune, the fractures failed to heal, 
however, (see fig 26) and she became bed-ndden 

Five months before admission she started passing calculi of which she brought a bottle 
full with her 

The points of mterest m her past history were scarlet fever at the age of 6, enuresis smce 
childhood, noctuna and dysuna as long as she could remember, and menarche at the age of 
12 

On physical examination she was a frail young woman, 4 ft 3 in in height, with marked 
rachitic deformities of the skeleton, normal sexual development, and blood pressure of 
120/90, physical examination was otherwise non-contnbutory 

Laboratory studies unne, — shght albuminuna, no glycosuna (glucose tolerance test 
normal at a later date), specific gravity up to 1 008 m a concentration teat, shght pyuna, 
unne culture, — no growth, phenolsulphonphthalem excretion relatively good, — ISnunutes 
16 per cent, 30 minutes 16 per cent, 1 hour 20 per cent making a total of 60 per cent, unne 
negative for cystme, haemoglobin 16 4 gm , white count 6,300, blood smear not remarkable, 
serum chemistry, — ^non-protein-mtrogen 16 mg /lOO cc , calcium 10 4 mg /lOO cc , phos- 
phorus 1 9 mg /lOO cc , alkahne phosphatase 21 Bodansky umts, protein 7 1 gm /lOO cc , 
sodium 138 m eq /liter, chloride 116 6 m eq /liter, COi 13 8 m eq /liter, prothrombin time 
normal, aualysis of the stones, — strongly positive test for phosphorus and negative testa 
for unc acid and oxalate 

X-rays showed generalized demineralization, poor calcification of both osteotomy cal- 
luses at lower ends of the femurs (see fig 26B), bilateral nephrocalcmosis (see fig 21D), 
stones at the lower end of the right ureter (see fig 27 A), scohosis of the spine, narrowing 
of the pelvis, coxa vara deformities of the upper ends of the femora, muted but uncalcified 
fractures in the pubic bone (see fig 27A), multiple similar fractures of the nbs, symmetrical 
fractures of the surgical necks of both humen, and moderately well-preserved lamina dura 
The patient received large amounts of alkah (sodium citrate, 1 teaspoonful 4 tunes daily), 
large amounts of vitanun D (circa 3 mg of vitamm Dj daily), and a goodly amount of cal- 
cium m the form of milk Her skeleton responded very well (see fig 27) and she walked 
out of the hospital on July 28, 1943 approximately 4 months after entenng On March 3, 
1946 the serum calcium was 9 0 mg /lOO cc , the serum phosphorus 2 9 mg /lOO cc , and 
the serum alkaline phosphatase 3 6 Bodansky umts 

Case 8 Diagnoses renal acidosis, hypokali&mc syndrome, chemical osteomalacia 
The first two admissions, m October and November of 1943 respectively, of J J F , M. 
G H #424023, a married man of 40, were to the Neurological Service for symptoms which 
were finally diagnosed by Dr, K P Bird on the second admission as being due to hypo- 
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kaU 5 m,a(»c.Bn.unotal (41)) On Oclobor 13 1W3 

the patient noteJ wcnkncBB of Ins left let "’'I'' ‘’™i\zcil —the loft more tlian 

bad. pain, on the folloning dnj Ina arms amt legs bee mu e-mmination « os 

the nght The ajnnptoms «cro improved ^ a lumbar pnnrturo rr 

nonuaintnbutorj oveept for a Homers symlromo oi R rWrul uo after admia 

vealed no abnormaliUcs in Ibo spinal fluid The syn.pt mis ''7’“"^ ^ , j 

ion to the hospital and ho was discharged without n definit. "‘R tho samesjmptoms 

at on October 20, 1!M3 Ho entered the hospital aga.i, u ith i sscnt.all> tho same s> nipt 
and findmgaoa November 11, 1943 .. ,„.Mhnil dischuriio and un opidiJ> mitis 

In hi8 past history, he had bad a pemlo Icaion uu -..plntSS audurccenth 

.t20 atmunmt.chm.;atur.aat25.uroteraleobeiinthpiis^SeofRmvelat3S and a rcco 

acquired alcohohsraxMth mormng vomiting f,, 'tho^hndmfisussocmltHl \Mth lopo 

Phjflical examination \\afl non-eontnbutory except f 
kflbemia Hia blood preaauro woa 112/SO nvurm no Ll>cusuna umrkctl 

Laboratory studies unne —moderate alhuimnun g ^ 7 q spcLifio 

hypercalcnna as shown bj Sulkowitch teats, excretion cxcclki.t 

of 1018 durmg a urmo concentration test pho , serum lo\ els (soim, of the 

40 per cent excretion in the Brat 15 mrnutea SOpercen “ circa 6 m eq /liter) ciikiuiii 

following at a later date) —potassium 2 5 m cq /I t Bodansky units sodium 1110 
83mg/100cc phosphorus 2 7 mg /IMce P^““[’i8 Cm en /liter total proti iii 0 Ogm /lOO 
meq/hter chlonde 110 Om eq /liter , , .ipon white count 0 700 unnKsis 

« , non protein nitrogen 24 mg /lOO cc , red j ^ ^ery weak test for ovilnto 

of the calculi —a strongly positive test for pnosp smear Suphylococcus on ciil 

repeated specimens for unne culture —no , negative clcetrocnrdiogmms —low 

ture of most of the specimens, Hinton test for sjp normal tracing after tho hitter 

T wave characteristic of hypoUliSmia and a reversion lo 

condition was corrected , , , „ h.inieral renal calculi and rather puor 

\ rays showed normal densitj of the skeletoa bilateral re 

dye excretion by the kidney tubular insutlicioncy wnlhoul glomerular 

The diagnosis of renal acidosis resulting possibly a pycloncphntis was nmik 

insufficiency with a complicating hypokoli n^^^^ phosphalase Acconlmglj ho was 
In addition he hud cheraicaluieteoraslacia potassium citrate and cakium glucuimto 

started on one teaspoonful each of sodium c^ to 7 5 the sorum CO content rose lo normal 
dsdy On this regime the pH of his unne phosphorus rose and tho serum pliuspliii 

and tho serum chlonde fell to normal ^ albuminuria also dlsappciiixd 

lass feli calcium disappeared from liis^unn low gmdo pyelonephritis ho wits 

Later because of the possibditj unne culture became ncgatiio during tins tlitr 

given a course of penicillin therapy . holhor this therapy hud any poriiumonl lITccI 
spy but later reverted and it is taken off alkali tins was follow cd by aiiotlicr attack 

Following this course of therapy ” ^.^alcuna and albuminunn and tho pnssago of moro 
of hj pokalihrma a recurrence of ^goso findings ugmn cleared up 

stones The patient w ent back on a 

dosia ostcomalocin hypokabcniin iiephrolithiusls 
Caie 8 Diagncses reu^ “ci a single girl of 23 entered the Massacliusctls 

The patient if B M ^rvico in August 1030 complaining of back trouble u 

General Hospital on the o ndo in a rollcr^ioaslcr tw o y cars previously , follow 

hhe traced the onset of her il n^ .j-gp pa,n to licr liips and she developed 

ing which she developed F”"’ , gy therapy presenbed by a chlropmclor, crutches were 

a limp She was not impro Ijitcr she became very weak and lost weight 
tried tor S weeks '' kbo“7!ju"vant except for pnssago of gravel in her unne at tho age of in 

Her past history w asim- — - .. 

Millui... Ikckmun for bnngmg ,hi, case to their a. 

tenlion and for 
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On physical examination the pertinent findings were undernutrition, a stiffcback which 
led to the diagnosis of spondylitis, and a blood pressure of 120/70 „[i 

Laboratory studies urine,— albumen ++, specific gravity 1 004 to 1 012, pyuria, unne 
culture, — no growth, serum chemistry, — non-protein-mtrogen 28 mg /lOO cc [ calcium 9 7 
and 10 1 mg /lOO cc , phosphorus 2 8 and 2 2 mg /lOO cc , alkaline phosphatase 8 4 and 9 2 
Bodansky umts, sodium 145 0 and 142 0 m eq /liter, chloride 117 0 m eq /liter, iCOj combin- 
ing power 20 0 m eq /liter, protein 8 6 gm /lOO cc , red count 4 5 million, ha^emoglobin 80 
per cent of normal, white count 7,200 

By x-ray the spine was remarkable only in that the dorsal spine was straight and that 
there wms a slight scoliosis in the lumbar region, the right twelfth rib showed a transverse 
fracture line with callus formation (see fig 37) , a similar fracture w'as present in the right 
scapula (see fig 37B) but w'as not noticed at the time, there were stones in the left kidney, 
an intravenous pyelogram confirmed the stones in the left kidney and^showed a good func- 
tiomng right kidney and a rather poorly functiomng left kidney, a retrograde pyelogram 
failed to show hydronephrosis on the left i 



Fig 37 Case 9 Renal Acidosis, Milkman’s Syndrome 

Note fracture lines in right scapula and right twelfth rib (arrows) Note good density 
of bones in spite of florid osteomalacia 

With the albuminuria, pyuna, high serum chloride, low serum CO;, low serum phos- 
phorus, and high serum phosphatase, it is now easy in retrospect to make the diagnosis of 
osteomalacia secondary to renal acidosis 

This diagnosis, however, was not made and the patient was given three liters of 5 per 
cent dextrose in normal saline on September 4, a liter and one-half of normal saline on Sep- 
tember 5, and the same amount again on September 6 As demonstrated by Albright, 
Consolazio, Coombs, Sulkowitch, and Talbott (43) the taking of NaCl increases an acidosis 
such as this one secondary to tubular insufficiency and, to be sure, this patient’s condition 
did grow rapidly w'orse On September 6 the record states that “motion and strength 
in extremities is normal at times but patient complains of great w eakness — even paralysis 
much of the time”, it goes on to state that patient “calls nurses incessantly to move her 
head, her arms, or her legs ” These bizarre symptoms were almost certainly due to a low 
serum potassium, unfortunately no potassium determination was made The following 
day the patient became stuporous and was seen by Dr William Beckman who advised 
parenteral alkali therapy, but she died before this was given The chemistry of her serum 
taken shortly before death showed chloride 128 m eq /liter, COj combimng power 13 0 
ra eq /liter, sodium 151 m eq /liter, protein 8 gm /lOO cc , calcium 9 mg /lOO cc , phos- 
phorus 1 6 mg /lOO cc , and alkaline phosphatase 8 2 Bodansky units 
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It IB clear, thoroforo, that the acidoais had markedly iiicreiiBCKl, prcsuniabK duo to the 
aalino mtravououBly It is not unlikely that the patient bad terminally a very Io\\ scrum 
potaaaium level and that this accounted for the symptoms suggesting paralysis, unfor 
tunately no potu^ium determination was done 

Autopsy showed uophrolithiasis, chronic pyelonephritis parathyroid hyperplasia, 
flond osteomalacia (see fig 38), and acute necrosis with question of infarction of the pons 
Since the kndn^^jpathology is thought to be the pnmary factor m the syndrome under 
discussion, the kidney findings are reported in more detail The nght kidney weighed 
275 gm and the idft 150 gm , the capsules stripped wnth some difficulty the cortices racoa 
ureJ 5 mm in th36luie8a, the pelves wore negative, there wore two stones lying free in the 
caliccs of the left kidney On microscopic examination the majonty of the glomeruli 
seemed normal, ^whoro pathology was present it vaned from capsular thickening to com 
plote fibrosis ofjljlie capillary tuft The tubules were damaged most severely m their 
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RBN-^lL acidosis op the FANCONI SINEROME TAPE 

The authois have had no peisonal expeuence with late iickets oi osteomalacia 
lesultmg iiona the Fancoiu syndiome, then remaiks aie based laigely on the 
excellent leview by McCune, Mason, and Claike (56) These authois ciedit 
Fancom as bemg the fiist to mvoke a lenal tubulai insufficiency to account foi 
the pathogenesis of seveial examples of inti actable noimoazotemic, hypophos- 
phatemic iickets accompamed by chiomc acidosis and renal glycosuna 

It would appeal that the tubulai acidosis associated mth the Fancom sjm- 
diome is entuely diffeient fiom the tubular acidosis discussed in the piecedmg 
section Thus, m the Fancom syndiome the acidosis is due to an excess of 
oigamc acids bemg piesented to the kidnej^s foi excietion, m the othei syndiome 
the acidosis is due to a decreased ability of the kidneys to make ammoma and to 
exciete an acid mine Theiefore, one would expect increased orgamc acids, 
mci eased ammoma and inci eased titiatable acidity m the mine m the Fancom 

TABLE 5 » 


Findings in patient 5 with renal acidosis resulting from tubular -insufficiency -without- 
glonierular-insufficiency contrasted with findings of patient with Fancom syndrome 

teporled by McCune et al (57) 


CONDITION 

SEB.mi (m^q /liter) 

XTRINE 

Cl 

COj 

pH 

Amm N 

Tot N 

Tit Ac m eq / 
kg /24 hrs 

Organic acid 
m eq Ab /H 
hrs 

Normal 

104 

27 

4 5-7 8 

4 


1 

Renal acidosis, case 5 

113 

17 

1 6 4-6 5 

7 

0 12-0 29 

1 

Fancom syndrome 







case of McCune et 







al (67) 

104 

19 

4 8-6 8 

24 

1 25-2 50 

10 


syndrome, normal amoimts of orgamc acid, decreased ammoma and decreased 
titiatable acidity m the mine in the syndrome discussed m the piecedmg section, 
and an mcreased calcium in the mine m both syndromes In table 5 a compaii- 
son IS made between the findings m case 5 and those m the case lepoited by 
McCune et al (56) It Mill be seen that the findings were as expected 

McCune et al (56) found that 82 per cent of the oigamc acid in the mine ivas 
armno acid, 11 pei cent lactic acid, and 7 per cent betahydioxy butyric acid 
They point out that the betahydioxjffiutyiic acid could be explained by the 
hypoglycemia lesultmg fiom lenal glycosuna Fuitheimoie, seveial cases of the 
Fancom sjndrome have shovn at autopsy cystme deposits in the leticulo-endothe- 
hal system ivhich agam suggests a disorder m the ammo acid metabohsm 
WTrethei or not these cases show cystmuria seems not to have been defimtely 
established McCune et al mteipiet the data to mdicate diminished abihty of 
the tubulai epithehum to resoib dextiose, amino acids, and phosphates, but point 
out that the hypeiphosphatuna may be the lesult of a secondaiy hyperparathy- 
loidism In fig 39 is depicted a possible inteipietation of the mtei-i elation- 
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ships m the disordered homeostasis m the Fancom syndrome, Sg 39 is to be com- 
posed -with fig 23, a sumlar diagram for the other type of renal acidosis leading to 
late nckets or osteomalacia In fig 39 the hyjierphosphatuna is ascnbed to a 
secondary hyperparathyroidism although the explanation of McCune et al has 
much to recommend it 

As regards treatment, MoCune et al came to no difimte conclusion. The 
authors ivould anticipate that the osseus disorders would respond to the same 
measures as used for the other type of renal acidosis, — ^namely, alkah, plus high 
calcium mtake, plus vitamm I) 


Piox tub fuuot — 

i I 1 

Ur amino add + Sog res — Cyatinoda 

Hen glycosuria 

Glycogen — 

Kotodfl -h 

I I 1 I 

NH< + Tit »« + 0r ca + Ser COi — 

X 

xBer ea — 

f I 

Paroth + 

i 

Ur P + 

i 

Sor P - 

1 

Ser ea + 

1 

Flo 33 Diaohau or DiaoBunBBU Houeostasis in Famconi Stnoiiouii 
C ompare with fig 23 

OSTEOMALACIA RESULTINO JIlOU HTPEE-CALCURIA WITHOUT HTPBBKIALOEMIA 
AND WITHOUT IlENAL ACIDOSIS 

There seems to be a not mconaderablo number of cases wherem the pnmaiy 
defect m metabolism is a propensity on the part of the ladneya to excrete an m- 
creased amount of calcium for any giten level of calcium m the serum- Such, 
to be sure, is the findmg m those cases secondary to renal acidosis (vide supra) 
However, the cases under discussion do not have an acidosis and the calcium 
excretion m the unne, m contrast to tho finding in cases mth acidosis, is not de- 
creased by alkah therapy (see fig 17) This mtcrestmg group of cases mil not 
bo discussed m detail hero, it is hoped to make it tho subject for a separate paper 
The sequence of events m tho disordered homeostasis is the same as m vitamm D 
lack (see fig 14) except that tho first step, instead of being dccreascd-caicium- 
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absorption, is mcreased-calcium-excretion, the second step in both sequences is 
the same, tendency-to-low-serum-calcium-level As one might anticipate, the 
mcreased calcium excretion m the urme favors kidney stone formation and it is 
m the Stone Chmc that most of these cases are found Indeed, of the foUowmg 
four metabohc disorders leadmg to mcreased urinary calcium excretion, — ^hyper- 
parath 3 u-oidism, osteoporosis durmg the stage of progression, renal acidosis, and 
idiopathic hypercalcuna — it is the last of these which is probably the most com- 
mon and accounts for the findmgs of Flocks (47) that hypercalcuna is very com- 
mon m patients with kidney stones Few cases proceed to a greater degree of 
osteomalacia than “chemical-osteomalacia-without-high-phosphatase” But the 
authors have one case with kidney stones who has “chenucal-osteomalacia-with 
high-phosphatase” and one case, other than the one whose data is presented m 
fig 17, who has out-and-out osteomalacia 


TABLE 6 

Summary table of laboratory teats and differential types of osteomalacia 


COHDinON 


SERUM 




URINE 


SERUU 

VIT 

A &E 
I2SX8 

Aik 

ptse 

Ca 

P 

COi 

Cl 

Ca 

NHt 

Tit, 

ac 

Sug 

acet. 

NOIDS 

‘ ‘ Simple ’ ’ vitamm Black 

H* 

N or L 

El 

N 

N 

L 

N 

N 

0 

N 


Resistance to vitaimn D 

H 

NorL 

tl 

N 

N 

L 

N 

N 

0 

N 


Steatorrhea 

H 

N or L 

L 

N 

N 

L 

N 

N 

0 

L 


Renal acidosis (tubular m- 
Bufficiency-without-glo- 
merular-insufficiency 

H 

NorL 

L 

E 

H 

H 

L 

L 

0 

N 

N 

Renal acidosis (Fancom 
syndrome) 

H 

N orL 

B 

B 

N 

H 

H 

H 

+ 

N 

N 

Idiopathic hypercalcuna 

H 

NorL 



N 

H 

N 

N 

0 

N 

N 

Oat fib gen after removal 
of parathjrroid tumor 

H 

L 

1 


N 

L 

N 

N 

0 

N 

N 


*N = Normal L = Low H =» High 


Many of these cases have or have had pyelonephntis, whether this is the cause 
or the result of the condition has not yet been established 
The bone condition responds to a high calcium, high vit amin D regime, often, 
however, this is contra-mdicated because of the nephrohthiasis 

OSTEOMALACIA POLLOWINQ HBMOVAL OB' PAKATHTHOID TUMOB IN OSTEITIS 

BXBROSA QBINBRALISATA 

This transient and rare, but academically mterestmg, form of osteomalacia, 
it IS hoped, will be the subject for a paper under the jomt authorship of Dr. 
Walter Bauer, Dr. Granville A Bennett,^ and one of us (F A ) It wdl be only 
bnefly mentioned here for completion’s sake 

In osteitis fibrosa generahsata due to hyperparathyroidism one has marked 
bone destruction and marked bone repair gomg on at one and the same time. 
Calcium IS deposited m the newly formed osteoid tissue smce, m spite of a low 
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seruia phosphorus level, the serum calcium level is sufficiently high to allow for 
precipitation, the source of calcium and phosphorus for the newly formed bone is 
largely the calcium and phosphorus being set free where bone is bemg resorbed. 
Now, when one removes the parathyroid tumor there is an immediate cessation of 
bone destruction while bone repair contmues at an accelerated rate There is no 
adequate source of calcium and phosphorus and there follows a marked fall m the 
serum calcium level and a shght fall in the already low serum phosphorus level, 
the new bone which is laid down is not calcified and osteomalacia results 

DHTEBENTIAL DIAGNOSIS OP ETIOLOGICAL SUB OHOUPS OP OSTEOMALACIA 

The pomts m the differential diagnosia of the seven causes for osteomalacia 
discussed m this paper are shown m tabular form m table 6 (q v ) 

ADDITIONAL DISCUSSION 

Most of the pomts of mterest have been discussed m the body of the paper, 
there remains, however, one question which has disturbed the authors and may 
haveansenmthemmdsof soma of the readers Why, m osteomalacia, where the 
body fluids are apparently so unsaturated with respect to calcium phosphate, are 
not calcium ions and phosphate ions resorbed rapidly from the bones so that satu- 
ration of the body flmds is re-established? This quesbon is all the more perb- 
nent since m osteibs fibrosa generahsata the bones continue to give up calcium 
to the bitter end A possible explanabon may be that in osteomalacia all the 
trabeculae become covered with osteoid tissue which insulates the calcified matns 
from the body flmds (see fig 38) The reader may then ask why do not the 
trabeculae m osteibs fibrosa generahsata become msulated with osteoid? The 
authors do not have even a poor explanabon for this quesbon. 

SUUMART AND CONCLUSIONS 

1 Osteomalacia is defined as a disorder of bony tissue charactemed by the 
failure of calcium salts to be deposited promptlj m the newly formed bone 
matrix 

2 Osteomalacia is due to an abnonnahty in the body flmds m that they con- 
tam too httle calcium for the level of morgamc phosphorus or too httlo mprEamo 
phosphorus for the level of calcium to allow for normal prempitabon of whatever 
calaum phosphate salt it is which is deposited m bone matrix. 

3 Osteomalacia is charactenred by a normal or low serum calcium level, a 
low serum phosphorus level, and a high serum phosphatase level, it is to be differ- 
entiated from oatcoporosia where the above three levels are normal and from the 
osteibs fibrosa generahsata of hyperparathyroidism where the calaum is high 
instead of normal or low 

4. MUkman’a syndrome, charactcnied by "mulbplo spontaneous idiopathic 
symmetneal fractures” is conadered a form of osteomalacia for the foUowmg four 
reasons (a) evidence is presented that the lesions described by MBkinan are 
runted but uncalcified fractures (vide infra), such fractures are a cbaractensbo 
of oeteomalacia (Umbauronen of Looser) and of no other condibon, (b) the serum 
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calcium, phosphorus, and phosphatase findmgs m classical and undoubted cases 
of Milkman’s syndrome are those of osteomalacia, (c) Milkman’s syndrome re- 
sponds to anti-osteomalacic therapy, and (d) the histopathology m Milkman’s 
syndrome is that of osteomalacia (vide infra) 

6 The biopsy from a pseudofracture of a nb from a classical case of Milkman’s 
syndrome was shown to be osteomalacia by histological studies, bone tissue from 
the vertebrae of another patient at autopsy showed flond osteomalacia 

6 The designation. M ilk man ’s syndrome, is retamed to emphasize the fact that 
a generalized disease such as osteomalacia can be present when the x-rays show 
no generalized decalcification but only these umted but uncalcified fractures 

7 Six new cases of Mi l kman ’s syndrome are presented, attention is called to 
the frequency with which such cases show umted but uncalcified fractures of the 
scapulae ]ust below the glenoid cavities 

8 Cases of osteomalacia are divided mto four groups according to the degree 
of seventy, viz (1) chemical osteomalacia with low phosphatase, (2) chemical 
osteomalacia with high phosphatase, (3) Milkman’s syndrome, and (4) advanced 
osteomalacia 

9 Evidence (mostly from the hterature) for the followmg seven facts concem- 
mg the action of vitamin D is presented 1) vitamin D causes a lowenng m fecal 
calcium and phosphorus excretion, 2) the decrease m the fecal phosphorus excre- 
tion IS secondary to the decrease m the fecal calcium excretion and not vice versa, 
3) the decreased fecal calcium excretion is the result of an mcreased calcium 
absorption and not of a decreased calcium reexcretion into the gut, 4) the m- 
creased calcium absorption explains the nsmg serum calcium and mcreased 
calcium m the urme only m cases of osteomalacia and not m normal mdividuals 
or patients with hypoparathyroidism, 6) the nsmg serum phosphorus level foUow- 
mg administration of vitamm D m osteomalacia is not due to the mcreased 
phosphorus absorption but to decreased parathyroid activity resultmg from 
mcreased calcium absorption, 6) one cannot explam all the sequelae with vitamm 
D administration on mcreased calcium absorption but one must hypothesize a 
second mdependent action of vitamm D, na me ly to cause an mcreased phosphate 
excretion m the urme, it is this property of vitamm D which leads to decalcifica- 
tion with large amounts of the vitamm, 7) furthermoie, it is this second action of 
vitamm D which causes the elevation of the serum calcium m the normal mdivid- 
ual and the patient with hypoparathyroidism, m patients with then parathyroids 
mtact this second action of vitamin D may be neutralized by the decreased para- 
thyroid activity resultmg fiom the mcreased calcium absorption of the first action 
of vitamin D 

10 Dihydrotachysterol has both of the actions of vitamm D but the ratio of 
■the phosphorus-excretion-effect to the calcium-absorption-effect is greater with 
dihydrotachysterol than vnth vitamm D, hence chhydrotachysterol is the thera- 
peutic agent of choice m the tieatment of hypoparathyroidism and vitamm D 
IS the agent of choice m the treatment of osteomalacia 

11 Four causes for osteomalacia are discussed, viz (a) vitamm D lack which 
IS subdivided mto 1) “simple” vitamm D lack, 2) resistance to vitamm D, and 3) 
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decreased vitamm D absorption resulting from steatorrhea, (b) remJ acidoM 

which IS subdivided mto 1) tubular insufficiency-without-^omenilar-iii^- 

aency, and 2) the Fancom syndrome, (c) idiopathic hypercalcuna, and (d) a 
transient form of osteomalacia which Mows removal of parathyroid tumor m 

cases of osteitis fibrosa generahsata , , 

12 By “simple” vitamm D lack is meant a condition like the osteomalacia m 
China or the ordinary form of nckets m this country where the condiUon respon J 
to small doses of vitaimn D, no example of this condition has, to the authors 
knowledge, been uncovered m the Umted States 

13 By nckets or osteomalacia resistant to vitaimn D is m^t 

where the metabohc findmgs are similar to those m the usM form of infanWe 
nckets but where massive doses of vitamm D rather th^ snM dosM are 
Mow up data on such a case are presented where the mdividu^ was MoiM 
through cessation of growth mto adulthood The underlymg condition remamed 

unchanged, albeit somewhat modified as to seventy 

14M the osteomalacia resultmg from hypovitammosis D 
rhea (non tropical sprue, pancreaUtis. et cetera) it is emphasued one 

look for and teat deficiencies of the other fat soluble ^ 

K A. and E Two cases of Milkman’s syndrome secondary to steatorrh^ are 
pi;^te<L In one case an mterestmg comc.dental findmg-impregnaUon of dura 

^ »»»»« to» 

CKDcy-without-elomenJiir uMuffioenoy is thought to be (a) insufficiMiy of ren^ 
a^c^-wittiout-gi^e^ ammonia and to excrete 

to hypooalooimia, »> iJ S) o^malaoia', tho oondi- 

to deposit calcium phosphate salts m tne osieo , v,srm>iTjilpiirm and sec- 
tion also leads to b^h scniSfnde and a low 

ondanly to the hypokalidniio eyndronie, iinaliy » 

serum CO, content are charactenstio e^cy without-glomenilar- 

insuffiaenoy may lead to neph^^'^ decreased calcium in 

a]kn.1inT7ing gaits stops further stone fonna 

the^ and m spite of the ency-without-glomerular- 

17 Osteomalacia resultmg from treatment mth vitamm D and 

insufllciency responds remarkably to to nccessarj to prevent 

an alkalmizmg salt, once cured, only tho alkah 8 nllrniinizma salt alone 
further bone disease, the f^^m tubular insufficicnoy- 

18 Six new cases with renal acidosis B b to bo differcn- 

without-glomenilar insufiSciemT are repo p.brosa) m that m this latter 

bated from so-called renal nckets , . ^-lyuta (b) there is ad- 

condition (a) the bone disease is osteitis ^ of an accom- 

vanced glomerular as well as tubular i^ > , ^ ^ mstcad of 

P^uiying hyperplasia of the parathyroids tho ^ 

low 
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19 A hypothesis to explaan the retardation of growth in rickets is advanced, 
it is pointed out that this characteristic of nckets is common to cases where the 
etiology of the nckets is entirely different which m itself suggests that the cause 
of the retardation is to be found in the abnormal calcium or phosphorus me- 
tabolism 

20 A discussion is included of the factors which spare base when an excess of 
acid IS presented to the kidney for excretion and the factors which spare acid 
when an excess of base is presented to the kidney for excretion, the chief factors 
which spare base are ammoma production by the kidneys, excretion of an acid 
unne, and mobdization of calcium from the skeleton, the chief factor which spares 
acid IS the excretion of bicarbonate by the kidney Smce an acid sparer is a 
negative base sparer one gets the foUowmg equation' for the sum of the base 
sparers (S B S ) 

S B S = ammoma, plus titratable acidity, plus 49% of the negative 
calcium balance, minus carbonate 

A method is explamed whereby one can measure “titratable-acidity-mmus-COa” 
instead of measurmg titratable acidity and CO 2 separately 

21 Data from the hterature obtamed on a “normal” mdividual and confirmed 
by new data were presented showmg that (a) the S B S parallels the acidity 
value of the ash of the mtake, (b) the S B S is an appreciably positive value on a 
neutral ash mtake presumably because of the excretion of organic acid, (c) the 
calcium component of the S B S is quantitatively insignificant, (d) the titrat- 
able acidity reaches a limit dependmg on the amount of phosphate and orgamc 
acid m the unne and the limit to which the pH m the unne can be depressed, and 
(e) sodium acid phosphate by mouth fads to mcrease the calcium or amm onia 
excretion m the unne provided the mdividual can excrete an acid unne 

22 Metabohc data are presented m which a normal mdividual and a patient 
with tubular-insufficiency-without-glomerular-insufficiency were put on the same 
regime and then given the same amount of acidifymg salt The S B S of both 
mdividuals rose with the acidifymg salt With the normal mdividual the rise 
almost compensated for the acid value of the salt and there was no change m 
serum chlonde, CO 2 content, or potassium, m the patient with renal acidosis the 
nse m S B S did not nearly compensate for the acidifymg salt and there resulted 
a rise m serum chlonde, a fall m serum CO 2 , pH, and potassium, and a sharp nse 
m urinary potassium excretion 

23 Other metabohc experiments on patients with renal acidosis resultmg from 
^tubular-insufficiency-without-glomerular-insufficiency are presented but are not 
leasily sunamanzed One conclusion drawn supports the thesis of Dr James L 
■Gamble that the CO 2 m the unne is a function of the H 2 CO 3 m the serum and the 
pH and volume of the unne 

24 A short discussion of the Faneom syndrome is mcluded The condition is 
contrasted with renal acidosis resultmg from tubular-msufiSciency-without- 
glomerular-msuflaciency The acidosis m the former instance is due to an excess 
of orgamc acids and m the latter to a decreased ability to excrete acid Hence, 
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m the Fonconi syndrome the titratable aadity and the anunonia excretion m the 
unne are increased rather than decreased 

25 A group of cases of osteo m a l ac i a is bnefly discussed m which the imiml 
torder is apparently a hyjiercalouna without an associated hypercalcemia. 
The sequence of events m the disordered homeostasia is thought to be the Bama as 
mth vitanun D lack except that the first step m the one case is hypercalcuna 
■whereas the first step m the other is decreased calcium absorption. The second 
step in both coses is a tendency to decreased serum calcium 

26 It IS pomted out that the failure of the bones to keep the body flmds “satu- 
rated ' with calcium phosphate m osteomalacia may be ascnbed to an insulation 
of the calcified bone matrix from the body flmds by osteoid 
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